PCT _ 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPEPAT IOM tpp^ ^ 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
international Bureau 




(51) Internationa] Patent Classification 6 : 

A61K 31/44, 31/445, 31/535, 31/54, 
C07D 211/56, 273/01, 279/12. 285/15 



A'l 



(11) International Publication Number: 
(43) International Publication Date: 



(21) International Application Number: PCT/US95/14812 

(22) International Filing Date: 13 November 1995 (13.1 1.95) 



WO 96/14844 

23 May 1996 (23.05.96) 



(30) Priority Data: 

339,607 
468,120 



15 November 1994 (15.1 1.94) US 
6 June 1995(06.06.95) US 



I (#» Parent Applications or Grants 
(63) Related by Continuation 

rL on 339 ' 607 <CIP) 

„c " November 1994 (15.1 1 ,94) 

FiL ™ 468.120 (CIP) 

FlledOT 6 June 1995 (06.06.93) 

(71) Apptamt, ^^gnated Suites enept US): MERCK A 
07065 (US) ""^ Avenue ' ^ NJ 

, (72) Inventors; and 
(75) taventor^Applicants (for US only): GUTHKONDA. Ravin- 

&Lc <■ J^ n3St 126 Uncoh> Avenue, Rahway, NJ 
07065 (US). GRANT. Stepban. K. tUSAJsH 2 6 East 
Lincoln Avenue, Rahway, NJ 07065 (US). MACCOSS 
Malcolm [GB/US]; 126 East Lincoln Avcn^^y, 



NJ 07065 (US). SHAH, Shrenik. K. [W/USJ; 126 East 
Ltoooln Avenue. Rahway, NJ 07065 (US). SHANKARAN, 
Kothandaiaman [IN/US]; 126 East Lincoln Avenue 
Rahway, NJ 07065 (US). CALDWELL ChJ~ r' 
IUS/US]; 126 East Lincoln A^^way^O706 5 ' 
OJS). DURETTE, Philippe. L. [US/USJ; 126 East LnS ?2 
Avenue. Rahway, NJ 07065 (US). 

(74) Common Representative: MERCK & CO.. INC- 126 East 
Lincoln Avenue. Rahway, NJ 07065 (US). 

(81) Designated States: AL, AM. AU. BB. BG. BR, BY CA CN 
F^GE. HU. IS. JP. KG. KR KZ. l£ Si It 
LV. MD. MG. MK. MN, MX. NO, NZ, PL, RO RU SG 

PT. SEX OAPI patent (BF. BJ. CF. CO. CI, CM. GA GN 
sts^UGt TO ' TO) ' ARITOpatent'^ LS MW.' 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claim ,and to be republished in the event of the receipt of 
amendments. 



(54) Htle: 



CYCLIC AMTOINE ANALOGS AS INHIBITORS OF NITRIC OXIDE SYNTHASE 



(57) Abstract 

in the olT^ T^^S^^^^y •*> — T which have been found to be use*, 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgian 


GR 


Greece 


NL 


Netherlands 


BP 


Burkina Faso 
Bulgaria 


HU 


Hungary 


NO 


Norway 


BG 


IB 


Ireland 


NZ 


New Zealand 


BJ 


Bcnn 


rr 


EUU> 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


FT 


Portugal 


BY 


Belarus 


KB 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SB 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 
Kazakhstan 


SI 


Slovenia 


a 


CtedTvofae 


KZ 


SK 


Slovakia 


CM 


Cameroon 


U 




SN 


Senega] 


CN 


China 


LK 


Sri Lanka 


TO 


ChaA 


CS 


Cceehoalovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 




LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


BS 


Spaa 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 









WO 96/14844 



PCT/US95/14S12 



- 1 - 

TITLE OF THE TNVFNTTQ N 

CYCLIC AMEDINE ANALOGS AS INHIBITORS OF NITRIC OXIDE 
SYNTHASE 



15 



20 



5 BACKGROUND OF THE TNVFMTTPN 

This application is directed to inhibitors of Nitric oxide 
synthase, and in particular cyclic amidines. 

10 Nitric Oxide in Biology. 

The emergence of nitric oxide (NO), a reactive, inorganic 
radical gas as a molecule contributing to important physiological and 
pathological processes is one of the major biological revelations of recent 
times. This molecule is produced under a variety of physiological and 
pathological conditions by cells mediating vital biological functions. 
Examples include endothelial cells lining the blood vessels; nitric oxide 
derived from these cells relaxes smooth muscle and regulates blood 
pressure and has significant effects on the function of circulating blood 
cells such as platelets and neutrophils as well as on smooth muscle, both 
of die blood vessels and also of other organs such as the airways. In the 
brain and elsewhere nitric oxide serves as a neurotransmitter in non- 
adrenergic non-cholinergic neurons. In these instances nitric oxide 
appears to be produced in small amounts on an intermittent basis in 
25 response to various endogenous molecular signals. In the immune 
system nitric oxide can be synthesized in much larger amounts on a 
protracted basis. Its production is induced by exogenous or endogenous 
inflammatory stimuli, notably endotoxin and cytokines elaborated by 
cells of the host defense system in response to infectious and 
30 inflammatory stimuli. This induced production results in prolonged nitric 
oxide release which contributes both to host defense processes such as 
the killing of bacteria and viruses as well as pathology associated with 
acute and chronic inflammation in a wide variety of diseases. The 
discovery that nitric oxide production is mediated by a unique series of 
35 three closely related enzymes, named nitric oxide synthases, which utilize 
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the amino acid arginine and molecular oxygen as co-substrates has 
provided an understanding of the biochemistry of this molecule and 
provides distinct pharmacological targets for the inhibition of the 
synthesis of this mediator, which should provide significant beneficial 
5 effects in a wide variety of diseases. 

Nitric Oxide £vnrti Wff 

Nitric oxide and L-citrulline are formed from L-arginine via 
1 0 the dioxygenase activity of specific nitric oxide synthases (NOSs) in 
mammalian cells. In this reaction, L-arginine, 02 and NADPH are 
cosubstrates while FMN, FAD and tetrahydrobiopterin are cofactors. 
NOSs fall into two distinct classes, constitutive NOS (cNOS) and 
inducible NOS (iNOS) . Two constitutive NOSs have been identified. 
15 They are: 

(i) a constitutive, Ca++/calmodulin dependent enzyme, located 
in the endothelium (ecNOS or NOS 3), that releases NO in 
response to receptor or physical stimulation, 

(ii) a constitutive, Ca++/calmodulin dependent enzyme, located 
20 m me bra in (ncNOS or NOS 1) and elsewhere, that releases 

NO in response to receptor or physical stimulation, 

The third isoform identified is inducible NOS (iNOS or NOS 2): 

(iii) a Ca++ independent enzyme which is induced after 
25 activation of vascular smooth muscle, macrophages, 

endothelial cells, and a large number of other cells by 
endotoxin and cytokines. Once expressed, this inducible NO 
synthase produces NO in relatively large amounts for long 
periods of time. 



30 



Spectral studies of both the mouse macrophage iNOS and rat 
brain ncNOS have shown that these enzymes (which has been classified 
as P-450-like enzymes from their CO-difference spectra) contain a heme 
moiety. The structural similarity between NOS and the P- 
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450/flavoprotein complex suggests that the NOS reaction mechanism 
may be similar to P-450 hydroxylation and/or peroxidation. This 
indicates that NOS belongs to a class of flavohemeproteins which contain 
both heme and flavin binding regions within a single protein in contrast 
• to the multiprotein NADPH oxidase or Cytochrome P-450/NADPH Cyt c 
reductase complexes. 

Pistinrt Functions of NO Pmdiirv^> y p iff er gnt Mitrfr 
Oxide ftvntbflfif P| 

The NO released by the constitutive enzymes (NOS 1 and 
NOS 3) acts as an autocoid mediating a number of physiological 
responses. Two distinct cDNAs accounting for the activity of NOS 1 and 
NOS 3 in man have been cloned, one for NOS 1 (Nakane et al FEBS 
Letters, 316, 175-182, 1993) which is present in the brain and a number 
of peripheral tissues, the other for an enzyme present in endothelium 
(NOS 3) (Marsden et. al, FEBS Utters, 307, 287-293, 1992). This latter 
enzyme is critical for production of NO to maintain vasorelaxation A 
second class of enzyme, iNOS or NOS 2, has been cloned from human 
liver (Geller * al, PNAS, 90, 3491-5, 1993), and identified in more than 
a dozen other cells and tissues, including smooth muscle cells 
chondrocytes, the kidney and airways. As with its counterpart from the 
murine macrophage, this enzyme is induced upon exposure to cytokines 

f^^T? (IFN - Y) * ^eukin-ip (IL-10), tumor necrosis 

factor (TNF-a) and LPS (lipopolysaccharide). Once induced, iNOS 
expression continues over a prolonged period of time. The enzyme does 
not require exogenous calmodulin for activity. 

Endothelium derived relaxation factor (EDRF) has been 
shown to be produced by NOS 3 (Moncada et. al, Pharmacol Reviews, 
43, 109-142, 1991). Studies with substrate analog inhibitors of NOS 
have shown a role for NO in regulating blood pressure in animals and 
blood flow in man, a function attributed to NOS 3. NO has also been 
shown to be an effector of the cytotoxic effects of activated macrophages 
(Nathan, FASEB J., 6, 3051-64, 1992) for fighting tumour cells and 
invading microorganisms (Wright et al, Card. Res., 26 ,48-57, 1992 and 



WO 96/14844 



PCT/US95/14812 



Moncada et al. Pharmacological Review, 43, 109-142, 1991). It also 
appears that the adverse effects of excess NO production, in particular 
pathological vasodilation and tissue damage, may result largely from the 
effects of NO synthesized by the NOS 2. 
5 NO generated by NOS 2 has been implicated in the 

pathogenesis of inflammatory diseases. In experimental animals 
hypotension induced by LPS or TNF-a can be reversed by NOS 
inhibitors and reinitiated by L-arginine (Kilbourn et. al, PNAS, 87, 3629- 
32, 1990). Conditions which lead to cytokine-induced hypotension 
10 include septic shock, hemodialysis (Beasley and Brenner, Kidney Int., 42, 
Suppl., 38, S96--S100, 1992) and IL-2 therapy in cancer patients (Hibbs 
et. al, J. Clin. Invest., 89, 867-77, 1992). NOS 2 is implicated in these 
responses, and thus the possibility exists that a NOS inhibitor would be 
effective in ameliorating cytokine-induced hypotension. Recent studies 
15 in animal models have suggested a role for NO in the pathogenesis of 
inflammation and pain and NOS inhibitors have been shown to have 
beneficial effects on some aspects of the inflammation and tissue changes 
seen in models of inflammatory bowel disease, (Miller et. al, J. 
Pharmacol Exp. Ther., 264,11-16, 1990) and cerebral ischemia and 
20 arthritis (Ialenti et. al, Br. J. Pharmacol ., 110, 701-6, 1993; Stevanovic- 
Racic et al, Arth. & Rheum., 37, 1062-9, 1994). Moreover transgenic 
mice deficient in NOS 1 show diminished cerebral ischemia (Huang et. 
al, Science, 265, 1883-5, 1994). 

Further conditions where there is an advantage in inhibiting 
25 NO production from L-arginine include therapy with cytokines such as 
TNF, IL-1 and IL-2 or therapy with cytokine-inducing agents, for 
example 5, o^dimethylxanthenone acetic acid, and as an adjuvant to short 
term immunosuppression in transplant therapy. In addition, compounds 
which inhibit NO synthesis may be of use in reducing the NO 
30 concentration in patients suffering from inflammatory conditions in 
which an excess of NO contributes to the pathophysiology of the 
condition, for example adult respiratory distress syndrome (ARDS) and 
myocarditis. 
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There is also evidence that an NO synthase enzyme may be 
involved in the degeneration of cartilage which takes place in 
a^mmune and/or inflammatory conditions such as arthritis, rheumatoid 
arthnus, chronic bowel disease and systemic lupus erythematosa (SLE) 
It is also thought that an NO synthase enzyme may be involved in 

a yet further aspect of 
the present invention provides cyclic amidine derivatives or salts thereof 
in the manufacture of a medicament for use in cytokine or cytokine- 
inducmg therapy, as an adjuvant to short term immunosuppression in 
transplant therapy, for the treatment of patients suffering from 
^ammatory conditions in which an excess of NO contributes to the 
pathophysiology of the condition. 

SUMMARY OF THP T^vpi^^ 

Formula I ^ disclosed herein ^compasses compounds of 



20 



25 



30 



(JbS 



and pb^rmaceutically acceptable salts thereof which have been found 

2^ " TT eUt ° f OXide ™*ated diseases 1 

disorders, mcludmg neurodegenerative disorders, disorders of 

gastrointestinal motility and inflammation. These diseases and disorders 

"S^r 1 : shock ' toxic shock syndrome ' "yS rs 

k * tUberculosis ' canc <* IL-2 therapy such as in cancer 
Parents, cachexia, immunosuppression such as in transplant therapy 
autoimmune and/or inflammatory indications including sunburnTzema 

oxi^H C0Dditi0ns such - bronchitis, asZ; 

oxidant-induced lung injury and acute respiratory distress (ARDS) 
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glomerulonephritis, restenosis, inflammatory sequelae of viral infections, 
myocarditis, heart failure, atherosclerosis, osteoarthritis, rheumatoid 
arthritis, septic arthritis, chronic or inflammatory bowel disease, 
ulcerative colitis, Crohn's disease, systemic lupus erythematosis (SLE), 
5 ocular conditions such as ocular hypertension, retinitis and uveitis, type 1 
diabetes, insulin-dependent diabetes mellitus and cystic fibrosis. 
Compounds of Formula I are also usful in the treatment of hypoxia, 
hyperbaric oxygen convulsions and toxicity, dementia, Alzheimer's 
disease, Sydenham's chorea, Parkinson's disease, Huntington's disease, 

10 amyotrophic lateral sclerosis (ALS), multiple sclerosis, epilepsy, 

Korsakoff s disease, imbecility related to cerebral vessel disorder, NO 
mediated cerebral trauma and related sequelae, ischemic brain edema 
(stroke), sleeping disorders, eating disorders such as anorexia, 
schizophrenia, depression, pre-menstrual syndrome (PMS), urinary 

1 5 incontinence, anxiety, drug and alcohol addiction, pain, migraine, emesis, 
immune complex disease, as immunosupressive agents, acute allograft 
rejection, infections caused by invasive microorganisms which produce 
NO and for preventing or reversing tolerance to opiates and diazepines. 

20 DETAILED DESCRIPTION OF THF. TNVF.NTfOM 

The invention disclosed herein encompasses compounds of 

Formula I 




and pharmaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
nisO, 1,2, 3 or 4 
30 X is selected from CH2, 0, S and NH, 
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Rl. R2 and R3 are each independentiy selected from the group consisting 
of 

(a) hydrogen, 

(b) Cl-i2alkoxy, 

5 (c) Ci-i2alkylS(0)k wherein k is 0, 1 or 2, 

(d) monoCi-i2alkylamino, 

(e) (di-Ci-i2alkyI)ainino, 

(f) Cl-i2alkylcarbonyl, 

(g) Cl_i2alkyl, 
10 (h) C2-I2alkenyl, 

0) C2.12alkynyl, 

(j) C5-iocycloalJcyl, 

(k) hetero Cs-lOcycloalkyl, wherein the hetero C5-iocycloalkyl 

, . optionaUy contains 1 or 2 heteroatoms selected from S O 

13 andN, 

G) aryl, selected from phenyl or naphthyl, 

(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

20 



25 



30 



(1) 


benzimidazolyl, 


(2) 


benzofuranyl, 


(3) 


benzooxazolyl, 


(4) 


furanyl, 


(5) 


imidazolyl, 


(6) 


indolyl, 


(7) 


isooxazolyl, 


(8) 


isothiazolyl, 


(9) 


oxadiazolyl, 


(10) 


oxazolyl, 


(11) 


pyrazinyl, 


(12) 


pyrazolyl, 


(13) 


pyridyl, 


(14) 


pyrimidyl, 


(15) 


pyrrolyl, 


(17) 


isoquinolyl, 
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(18) 


tetrazolyl, 


(19) 


thiadiazolyl, 


(20) 


thiazolyl, 


(21) 


thienyl, and 


(22) 


triazolyl, 



(n) amino, 
(o) oxo, 
(p) C(0)OH, 

(q) C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCl-6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C( a =NR6)-NHR7, 

or when two members of the group Rl, R2 and R3, including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri, R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 

or when a member of the group R], R2 and R3 including the 
optional substituents present thereon, resides on an atom 
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adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, O or S, 

R4, R5 and R 5a are each independently selected from the group 
consisting of 

*P (a) hydrogen, 

(b) linear and branched Cl-i 2 alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 
15 (2) carboxy, 

(3) -NR6R 7 , 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0) k R6. 

(7) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substituted with 
, ^ nydroxy, halo, Ci^allcyl, or Ci^alkoxy, 
(c) -C(0)NR 8 R 9 , where Rg and R 9 are each independently 

hydrogen, phenyl, cyclohexyl or Cl-6alkyl, said Ci-6alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R1 1, wherein Rio and Ri 1 are each 
independently H, Ci-6alkyl, phenyl or benzyl, 

(5) -OR10, J 

(6) -C(O)ORi0, 

(7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, Q, Br and I, 



25 
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(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 
5 (11) optionally substituted C5- 1 Ocycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5-i()cycloalkyl wherein 
hetero cycloalkyl and hetero cycloalkyl substituents 
10 are as defined above, 

(d) -C(S)NRgR9, 

(e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R9, 
15 (h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Within this embodiment is the genus wherein 
20 n is 0, 1,2, 3 or 4, 

X is selected from CH2, 0, S and NH, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 
25 (b) Cl-6alkoxy, 

(c) Ci-6alkylamino, 

(d) Ci-6alkylcarbonyl, 

(e) Ci-6alkyl, 

(f) C2-6alkenyl, 

30 (g) C5, C6orC7cycloalkyl, 

(h) hetero C5 or C6 cycloalkyl, wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S, 
OandN, 

(i) aryl, selected from phenyl or naphthyl, 
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(j) faeteroaiyl, wherein heteroaryl is selected from the group 
consisting of: F 

(1) furanyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 
10 (7) thienyl,and 

(8) triazolyl, 

each of (b) to (j) being optionally mono or di- substituted the 

substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where Re and R 7 are each independently 

(4) qj[ ° gen ' P 11 ^ 1 or Cl-4alkyl, 

(5) -C(0)OR 6 , 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I 

or when two members of the group Rj, R 2 and r 3 ^ me 

PreSem thereon ' on the same 
atom ^of Formula I, or two of the group Rj, R 2 and R 3 , 

25 r h g ^ ° Pti0naI SUbstituents P rese «t thereon, reside 

on adjacent atoms of Formula I, said two members may 
opdonaUy be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
JU atoms selected from N,0 or S 

or when a member of the group Ri , R 2 and R 3 including the 
optional substituents present thereon, resides on an atom 
adjacen to the N on which R4 resides, said member Ty 
optionally be joined with R4, such that together with the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
5 N,OorS, 

R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci^alkyl, optionally mono or di- 

1 0 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 
15 (4)-OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NRgRo, where Rg and R9 are each independently 
0 hydrogen, phenyl, cyclohexyl or Ci^alkyl, said Ci-4alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 < 4 > -NRloRl 1, wherein Rio and Ri 1 are each 

independently H, Cl-4alkyl, phenyl or benzyl, 

(5) -OR10, 

(6) -C(0)ORio, 

(7) -S(0) m Rio, where m is 0, 1 or 2, 
30 (8) halo selected from F, CI, Br and I, 

(9 optionally substituted aryl wherein the aryl and 

substituents are as defined above, 
(10) optionally substituted heteroaryl wherein the heteroaryl 

and substituents are as defined above, 
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(1 1) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl* 

wherein the hetero cycloalkyl and substituents are as 
3 defined above, 

(d) -C(S)NRgR9, 

(e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R9, 
10 (h) phenyl, 

(i) cyclohexyl, 
such that R4 is present only when side a is a single bond and side b is a 
double bond. 



15 



Within this genus is the class of compounds of the formulae 



^ 4 or ^4 

wherein 

X is selected from CH2, S and NH, 
20 of* R2 ^ R3 tedepende ° d y selected fr <™ *e group consisting 

(a) hydrogen, 

(b) linear and branched Ci^alkyl, said Ci^alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 
25 (1) carboxy, 

(2) -NR6R7, wherein R6 and R 7 are each independently 

hydrogen or Ci-3alkyl, 

(3) -OR6, 

(4) -C(0)OR6, 

(5) -S(0)kR6,wherek is 0, 1 or 2, 



30 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-4alkyl, said Ci- 
4alkyl optionally substituted by 

5 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R11, wherein Rio and Ri 1 are each 

independently 
10 Cl-3alkyl, 

(5) -OR10, 

(6) -C(O)ORl0, 

(7) -S(O) m Ri0, where m is 1 or 2, 

(8) halo selected from F, CI, Br and I, 
15 (c) -C(S)NHR9; 

(d) Ci-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 
20 (c) -C(S)NR8R9. 

(d) Cl-3alkyl. 

As appreciated by those of skill in the art the additional 
carbon members of the Formula I ring, "( ) n " and definitions "CH2" and 
"NH" under X, provide available positions for the substituents Ri R2 or 
25 R3. 

When any variable (e.g. Rl, R2, R3, R4, R5, R7, R8, 
Ra, k, n, p etc.) occurs in any position of a compound of Formula I, its 
definition on each occurrence is independent of its definition at every 
other occurrence. 

30 Accordingly, in one aspect the invention disclosed herein 

encompasses compounds of Formula I 
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R 4 R 5a 



and pharmaceutically acceptable salts thereof wherein 
5 side a or side b has a double bond, 
n is 0, 1,2, 3 or 4 

X is selected from CH 2 , CRi 2 Rl 3 , 0, S(0) m , NH, and -N(Cl- 6 alkyI)- 
misO, 1 or 2, o«*tfv . 

Rl. R2 R 3 R12 and Rl3 are each independently selected from the group 
10 consisting of 

(a) hydrogen, 

(b) CM2alkoxy, 

(c) Ci-i2alkylS(0)k wherein k is 0, 1 or 2, 

(d) mono Ci-i2alkylamino, 
15 (e) (di-Ci-i2alkyl)amino, 

(0 CM2alkylcarbonyl, 

(g) Ci-ualkyl, 

(h) C2-12alkenyl, 

(i) C2-12alkynyl, 
20 0) C5-iocycloalkyI, 

00 hetero C 5 -iocycloalkyl,wherein the hetero C 5 -10cycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
and N, ' 

0) aryl, selected from phenyl or naphthyl 
(m) heteroaryl. wherein heteroaryl is selected from the group 
consisting of: r 

(1) benzimidazolyl, 

(2) benzofuranyl, 
~ n (3) benzooxazolyl, 
JU (4) furanyl, 

(5) imidazolyl, 
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lnaoiyi, 


(1\ 
\l) 


isooxazoiyi, 


\o) 


lsotniazoiyl, 




oxacuazolyl, 


(1U) 


oxazolyl, 


(HJ 


pyrazinyl, 


(12; 


pyrazolyl, 


(13) 


pyridyl, 


(14) 


pyrimidyl, 


(15) 


pyrrolyl, 


(17) 


isoquinolyl, 


(18) 


tetrazolyl, 


(19) 


thiadiazolyl, 


(20) 


thiazolyl, 


(21) 


thienyl, and 


(22) 


triazolyl, 



(n) amino, 
(o) oxo, 
(p) C(0)OH, 

(q) C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi-6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR 7 , 
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or when two members of the group Ri, R 2 and R 3 including the 
optional substituents present thereon, reside on the same 
carbon atom of Formula I, or two of the group Ri, R2 and 
R3, including the optional substituents present thereon, 
5 reside on adjacent atoms of Formula I, said two members 

may optionally be joined, such that together with the atom to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
1 0 atoms selected from N, O or S, 

or when a member of the group Rl , R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
°P ti °nally be joined with R4, such that together with the N 
on which R 4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, O or S, 

20 with the proviso that one of R i2 and R !3 is other than hydrogen, 
R4, R5 and R5 a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci-i2alkyl, optionally mono or di- 
substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 
30 (4)-OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 



25 
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(8) phenyl, optionally mono or di-substituted with 
hydroxy, halo, Cl-4alkyl, or Ci^alkoxy, 
(c) -C(0)NR8Ro, where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Cl-6alkyl, said Ci-6alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R1 1 , wherein Rio and R 1 1 are each 

independendy H, Ci-6alkyl, phenyl or benzyl, 

(5) -ORio, y 

(6) -C(O)ORi 0 , 

(7) -S(O) m Ri0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5-10cycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 



25 



30 



(d) 


-C(S)NR 8 R 9 , 


(e) 


-COR9, 


(0 


-C(0)OR9, 


(g) 


-C(S)R 9 , 


(h) 


phenyl, 


(i) 


cyclohexyl, 



r — mu6 a is a single DOI 

present only when side b is a single bond. 

Within this embodiment is the genus wherein 
m is 0, 1 or 2, 
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nisO, 1,2, 3 or 4, 

Ri iS p S ' 1 p ted D fr ° m CH 2' C Rl2Rl3,0,S(0) m NH,and-N(Ci. 6 alkyl). 
Rl.R2.R3.Rl2 and R 13 are each independently selected rU *e ' 
group consisting of 

5 (a) hydrogen, 

(*>) Ci.6alkoxy, 

(c) Ci-6alkylamino, 

(d) Ci-6alkylcarbonyl, 

(e) Ci_6alkyi, 

10 (0 C2-6aIkenyl, 

(g) C5, C6 or C7cycloalkyl, 

(h) hetero C 5 or C 6 cycloalkyl.wherein the hetero C 5 or C 6 
cycloalkyl optionally contains 1 heteroatom selected from S 
u ana N, 

15 0) aryl, selected from phenyl or naphthyl, 

0) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 6 F 

(1) furanyl, 

2o Pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 
25 W thienyl,and 

(8) triazolyl, 

each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R 7 are each independently 

(4) 0 £ ydr ° gen ' phcn y l OT Cl-4allcyl, 

(5) -C(0)OR 6 , 

(6) -S(0)kR6, where k is 0, 1 or 2, 



30 
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(7) halo selected from F, CI, Br and I, 
or when two members of the group Ri, R 2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri , R2 and R3, 
5 including the optional substituents present thereon, reside on 

adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
0 monocyclic ring optionally containing up to three hetero 

atoms selected from N, O or S, 
or when a member of the group Ri, R 2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
> optionally be joined with R4, such that together with the N 

on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N.OorS, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 and R5 a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci-6alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 
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(c) -C(0)NR 8 R 9 , where Rg and R 9 are each independently 
hydrogen, phenyl, cyclohexyl or C M alkyl, said Ci_4alkyl 
optionally substituted by 
(1) hydroxy, 
^ (2) amino, 

(3) carboxy, 

(4) -NRloRll, wherein Rio and Rn are each 

independently H, CMalkyl, phenyl or benzyl, 

(5) -ORio, 

10 (6)-C(O)ORi 0 , 

(7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein the aryl and 
15 substituents are as defined above, 

(10) optionally substituted heteroaryl wherein the heteroaryl 

and substituents arc as defined above, 

(1 1) optionally substituted C 5 or C 6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 
2q (12) optionally substituted hetero C 5 or C 6 cycloalkyl 

wherem the hetero cycloalkyl and substituents are as 
denned above, 

(d) -C(S)NRgR9, 

(e) -COR9, 

(f) -C(0)OR9, 
25 (g) -C(S)R 9 , 

00 phenyl, 
(i) cyclohexyl, 

^ PreSeM ^ ^ 8 iS ' **> <»* - -* b is a 

30 

Within this genus is the class of compounds of the formulae 
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Rl 1^2*^3 



or 



wherein 

X is selected from CR12R13, S(0) m and -N(Cl-4alkyl)-, 
Rl,R2. R3, Rl2 and R 13 are each selected from the group consisting of 
5 (a) hydrogen, 

(b) hydroxy, 

(c) linear and branched C l -4alkyl or linear and branched C l - 
4alkoxy, wherein said C l -4alkyl or C l -4alkoxy is optionally 
mono or di- substituted the substituents being independently 

10 selected from 

(1) carboxy, 

(2) -NR6R7. wherein R6 and R7 are each 

independently hydrogen or Cl-3alkyl, 

(3) -OR6, 

15 (4) -C(0)OR6, 

(5) -S(0)kR6, where k is 0, 1 or 2, 
with the proviso that one of R12 and R13 is other than hydrogen, 
R4 is selected from the group consisting of 
(a) hydrogen, 

20 (b) -C(0)NHR9, where R9 is hydrogen or C l -4alkyl, said Ci . 

4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 (4) -NRiQRll, wherein Rio and Ri 1 are each 

independently 
Cl-3alkyl, 

(5) -OR10, 

(6) -C(O)ORi0, 

30 (7) -S(O) m Ri0, where mis 1 or 2, 

(8) halo selected from F, CI, Br and I, 
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(c) -C(S)NHR9; 

(d) Ci-3alkyl; 

R5 is selected from the group consisting of 
(a) hydrogen, 
5 (b) -C(0)NHR9, 

(c) -C(S)NR 8 R9. 

(d) Ci_3alkyl. 

10 m- a ^^^^^o^enttheinvnetion is directed to 

1 0 compounds of the formulae 



5 

or " 



15 



20 



25 



30 



wherein 

Xis -N(Cl-3alkyl)-, 

Rl, R2 and R 3 are each independently selected from the group 
consisting of 6 F 

(a) hydrogen, 

(b) linear and branched Ci-4alkyl, said Ci^alkyl 

being optionally mono or di- substituted the substituents 
bemg independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R 6 and R 7 are each independently 

hydrogen or Ci_3alkyl^ 

(3) -C(0)OR 6 , and 

(4) -S(0)kR6, where k is 1 or 2, 
(c) hydroxy, 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

R5 is selected from the group consisting of 
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(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C l -4alkyl, said 
Cl-4alkyl optionally substituted by 

(1) hydroxy, 
5 (2) amino, 

(3) carboxy, 

(4) -NR10R1 1, wherein Rio and Ri 1 are each 

independently 
Ci-3alkyl. 
!0 (5) -OR10, 

(6) -C(O)ORl0, 

(7) -SR10, and 

(8) -S(O) m Ri0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
15 (c) -C(S)NRgR9. 

(d) Ci-3alkyl; 



formulae 



Within this embodiment is the genus of compound of the 



xi n 



f N 

20 R 4 or R 4 



-R 5 



wherein 

Xis -N(Cl-3alkylK 

Rl and R2 are each selected from 

hydrogen or linear and branched Ci-4alkyl, said Ci-4alkyl 
being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen orCl-3alkyl, 
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(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 
R4 is selected from the group consisting of 

(a) hydrogen, 
5 (b) Ci-3alkyl; 

R5 is selected from the group consisting of 
(a) hydrogen, 

0>) -C(0)NHRa, where R 9 is hydrogen or Ci-4alkyl, said 
Ci-4alkyl optionally substituted by 
10 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRl0Rll,whereinRi 0 andRii areeach 

independently Cl-3alkyl, 
15 (5) -ORio, 

(6) -C(0)ORio, 

(7) -SRio, and 

(8) -S(0)mRio, where m is 1 or 2, 

on , , (9) hal ° selected from F, CI, Br and I, 

20 (c) -CSNR8R9. 

(d) Cl-3alkyl. 

Within this genus are the compounds of the formulae 
R 1^ ^ R 5 



R 



2 

1 11 

or 



25 wherein 

X is -N(Ci-3alkyl)-, 

Rl is selected from the group consisting of 

hydrogen, hydroxy or linear and branched Ci-4alkyl, said 
Ci-4alkyl 
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being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 
5 hydrogen or Cl-3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 
R2 is linear and branched Cl-4alkyl, 

R4 is selected from the group consisting of 
10 (a) hydrogen, 

(b) Ci-3alkyl; 
R5 is selected from the group consisting of 
. (a) hydrogen, 
(b) -C(0)NHR9, where R9 is hydrogen or C l -4alkyl, said 
15 C 1 -4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 
20 independently 

Cl-3alkyl, 

(5) -OR10, 

(6) -C(O)ORl0, 

(7) -SR10, and 

25 (8) -S(O) m Ri0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -CSNRgRp. 

(d) Ci-3alkyl. 
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Exemplifying the invention are the compounds of Examples 
1 through 161. 

As appreciated by those of skill in the art, compounds of 
Formula I include those wherein there is a double bond at side a or b such 
as those shown in Formula la or lb or tautomeric forms thereof: 



R < Rsa 

Ia lb 



10 of Pnrm , i u ° a PP reciated *Y of skill in the art, compounds 
10 of Formula 1 wherein or when two members of the group R lf R^and R 3 
are jomed together to form a ring are intended to include such formulae 
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wherein p is 0, 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or S. 

Similarly, compounds of Formula I wherein a member of the 
group Ri, R2 and R3 resides on an atom adjacent to the N on which R4 
5 resides and forms a ring therewith may be illustrated by: 

wherein p is 0, 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or S 

10 In one preferred aspect the compounds of the invention are 

of the formulae 

R 3 ? 3 R 3 

R V~1 r^I r '<^ 

2 yV Rs R y> A v" 5 Wv* 



R 



* or R 4 or 2 R 



wherein 

15 X is selected from CH2, NH and S, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched Cl-6alkyl, wherein said Ci-6alkyl 
20 is optionally mono or di- substituted the substituents being 

independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-3alkyl, 
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(3) -OR6, 

(4) -C(0)0R6, 

(5) -S(0)kR6, where k is 0, 1 or 2, 
(c) hydroxy, 

5 (d) Ci-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-3alkyl, said Ci- 
3alkyl optionally substituted by 

10 (1) hydroxy, 

(2) amino, 

(3) carboxy, J 

(4) -NR10R1 1. wherein Rio and R] 1 are each 

independently Ci-3alkyl, 
15 (5) -ORio, 

(6) -C(0)ORio, 

(7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
(c) -C(S)NHRo; 

20 (d) Ci-3alkyl; 

R5 are each independemly selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NR8R9- 
25 (d) -Ci-3alkyl. 

In a second preferred aspect the compounds of the invention 
have cis stereochemistry at the ring junction and are of the formula 
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wherein p is 1 or 2, and 

R3 and the ring formed by the joining of Ri and R 2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy, 
5 (2) carboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Ci-6alkyl 

(4) -OR6, 

(5) -C(0)OR6, 
J 0 (6) -S(0) k R6, 

(7) halo selected from F, CI, Br and I 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR 6 )-NHR7. 

15 Within this second preferred aspect are the compounds 

wherein 

R3 is selected from 

hydrogen, hydroxy or linear and branched Ci -4alkyl said 
Ci-4alkyl, 

20 optionally mono or di- substituted the substituents being 

independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R 7 are each independently 

hydrogen or C 1 -3alkyl, 
25 (3)-C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2; 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-3aikyl; 

30 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR 9 , where R 9 is hydrogen or Cl^alkyl, said 
Ci -4alkyl optionally substituted by 

(1) hydroxy, 
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(2) amino, 

(3) carboxy, 

(4) -NRioRi l, wherein Rio and Ri i are each 

independently 
5 Ci-3alkyl. 

(5) -ORio, 

(6) -C(O)ORi0, 

(7) -SRio, and 

(8) -S(0) m Rio, where m is 1 or 2, 
10 ( 9 > halo selected from F, CI, Br and I 

(c) -C(S)NRgR 9 . 

(d) Ci-3alkyl. 

linear h pmposes of ^ specification alkyl is defined to include 

15 IvU i t' CyCUC StrUCtUreS " With -eluding methyl! 

15 ethyl, propyl, 2-propyl, s- and t-butyl, butyl, pentyl, hexyl, cyclopropvl 
cyclobutyl, cyclopentyl and cyclohexyl. SinXl* ClJa^T^ 
intended to include alkoxy groups of from 1 to 6 carbon atoms of a 
sought, branched, or cyclic configuration. Examples of lower alkoxy 

20 ^ C me ?° Xy ' eth ° X y« Pr0 *° x y> "opropoxy, cyclopropyloxy 

20 ^ohexyloxy and the like. Likewise, Cm alkylmio isLendX 
mclude alkylthio groups of from 1 to 6 carbon atoms of a straight, 
branched or cyclic configuration. Examples of lower alkylthio groups 

w^^^^ cyclohe^thio, e^By 

way or illustration, the propylthio group signifies -SCH 2 CH 2 CH3. 

25 nvm ,u- Heteroai yl deludes, but is not limited to furan, thiophene, 
Pym,le, isoxazole, isothiazole, pyrazole, oxazole, thiazole. imidazole 
U,3-oxadiazo e , ,2,3-thiadiazole, 1,2,3-triazole, 1,3,4-oxadiazole, 
13 4-thiadiazole. 1,3,4-triazole, 1,2,5-oxadiazole, 1,2,5-thiadiazole, 

of th. inc , M ° UtUned * SUmmary ° ftht mve ntion, the compounds 
of &e instent invention are useful for in the treatment of a number of 
NOS implicated diseases. The implication of these diseases is well 
documented m the literature. For example, with regard to psoriasis, see 
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Ruzicka et. al, J. Invest. Demi., 103: 397 (1994) or Kolb-Bachofen et. 
al, Lancet, 344: 139 (1994) or Bull, et al., J. Invest. Derm., 
103:435(1994); with regard to uveitis, see Mandia et. al, Invest 
Opthalmol., 35: 3673-89 (1994); with regard to type 1 diabetes, see 
5 Eisieik & Leijersfam, Diabetes & Metabolism, 20: 1 16-22 (1994) or 
Kroncke et. al, BBRC, 175: 752-8 (1991) or Welsh et. al, Endocrinol, 
129: 3167-73 (1991); with regard to septic shock, see Petros et. al, 
Lancet, 338: 1557-8 (1991),Thiemermann & Vane, Eur. J. Pharmacol., 
211: 172-82 (1992), or Evans et. al, Infec. Imm., 60: 4133-9 (1992), or 
10 Schilling et. al, Intensive Care Med., 19: 227-231 (1993); with regards to 
pain, see Moore et. al, Brit. J. Pharmacol., 102: 198-202 (1991), or 
Moore et. al, Brit. J. Pharmacol., 108: 296-97 (1992) or Meller et. al, 
Europ. J. Pharmacol, 214: 93-6 (1992) or Lee et. al, NeuroReport, 3: 
841-4 (1992); with regard to migraine, see Olesen et. al, TIPS, 75: 149- 
15 153 (1994); with regard to rheumatoid arthritis, see Kaurs & HalliweU, 
FEBS Letters, 350: 9-12 (1994); with regard to osteoarthritis, see Stadler 
et. al, J. Immunol, 147: 3915-20 (1991); with regard to inflammatory 
bowel disease, see Miller et. al, Lancet, 34: 465-66 (1993) or Miller et. 
al, J. Pharmacol. Exp. Ther., 264: 1 1-16 (1993); with regard to asthma 
20 see Hamid et. al. Lancet, 342: 1510-13 (1993) or Kharitonov, et. al, 
Lancet, 343: 133-5 (1994); with regard to Immune complex diseases, see 
Mulligan et. al, Br. J. Pharmacol., 107: 1159-62 (1992); with regard to 
multiple sclerosis, see Koprowski et. al, PNAS, 90: 3024-7 (1993); with 
regard to ischemic brain edema, see Nagafuji et. al, Neurosci., 147: 159- 
25 62 (1992) or Buisson et. al, Br. J. Pharmacol., 106: 766-67 (1992) or 
Trifiletti et. al, Europ. J. Pharmacol, 218: 197-8 (1992); with regard to 
toxic shock syndrome, see Zembowicz & Vane, PNAS, 89: 2051-55 
(1992); with regard to heart failure, see Winlaw et. al, Lancet, 344: 373- 
4 (1994); with regard to ulcerative colitis, see Boughton-Smith et. al 
30 Lancet 342: 338-40 (1993); and with regard to atherosclerosis, see White 
et. al, PNAS, 91: 1044-8 (1994); with regard to glomerulonephritis, see 
Miihl et. al, Br. J. Pharmcol, 112: 1-8 (1994); with regard to Paget's 
disease and osteoporosis, see Ldwick et. al, J. Clin. Invest., 93: 1465-72 
(1994); with regard to inflammatory sequelae of viral infections, see 



WO 96/14844 



PCT/US9S/14812 



- 33 - 

Koprowski et. al, PNAS, 90: 3024-7 (1993); with regard to retinitis, see 
Goureau et. al, BBRC, 186: 854-9 (1992); with regard to oxidant induced 
lung injury, see Berisha et. al, PNAS, 91: 744-9 (1994); with regard to 
eczema, see Ruzica, et al., J. Invest. Derm., 103:395(1994); with regard 
5 to acute allograft rejection, see Devlin, J. et al., Transplantation, 58:592- 
595 (1994); and with regard to infection caused by invasive 
microorganisms which produce NO, see Chen, Y and Rosazza, J.P.N., 
Biochem. Biophys. Res. Comm., 203:1251-1258(1994). 

The pharmaceutical compositions of the present invention 
1 0 comprise a compound of Formula I as an active ingredient or a 
pharmaceutically acceptable salt, thereof, and may also contain a 
pharmaceutically acceptable carrier and optionally other therapeutic 
ingredients. The term "pharmaceutically acceptable salts" refers to salts 
prepared from pharmaceutically acceptable non-toxic acids or bases 
15 including inorganic bases and organic bases. Salts derived from 

inorganic acids include aluminum, ammonium, calcium, copper, ferric, 
ferrous, lithium, magnesium, manganic salts, manganous, potassium, 
sodium, zinc, and the like. Particularly preferred are the ammonium, 
calcium, magnesium, potassium, and sodium salts. Salts derived from 
20 pharmaceutically acceptable organic non-toxic bases include salts of 
primary, secondary, and tertiary amines, substituted amines including 
naturally occurring substituted amines, cyclic amines, and basic ion 
exchange resins, such as arginine, betaine, caffeine, choline, N,N_- 
dibenzylemylenediamine, diethylamine, 2-diethylaminoethanol, 2- 
25 dimethylaminoethanol, ethanolamine, ethylenediamine, N- 

ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, hisadine, 
hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, 
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, 
triethylamine, trimethylamine, tripropylamine, trometh amine, and the 
30 like. 

It will be understood that in the discussion of methods of 
treatment which follows, references to the compounds of Formula I are 
meant to also include the pharmaceutically acceptable salts. 
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The pharmaceutical compositions containing the active 
ingredient may be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. 
5 Compositions intended for oral use may be prepared according to any 
method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide 
10 pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. 
These excipients may be for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium 
1 5 phosphate; granulating and disintegrating agents, for example, corn 
starch, or alginic acid; binding agents, for example starch, gelatin or 
acacia, and lubricating agents, for example, magnesium stearate, stearic 
acid or talc. The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and absorption in the 
20 gastrointestinal tract and thereby provide a sustained action over a longer 
period. For example, a time delay material such as glyceryl monostearate 
or glyceryl distearate may be employed. They may also be coated by the 
technique described in the U.S. Patent 4,256,108; 4,166,452; and 
4,265,874 to form osmotic therapeutic tablets for control release. 
25 Formulations for oral use may also be presented as hard 

gelatin capsules wherein the active ingredient is mixed with an inert solid 
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or 
as soft gelatin capsules wherein the active ingredient is mixed with water 
or an oil medium, for example peanut oil, liquid paraffin, or olive oil. 
30 Aqueous suspensions contain the active material in 

admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example sodium 
carboxymethyl-cellulose, methylcellulose, hydroxy- 
propylraethycellulose, sodium alginate, polyvinyl-pyrrolidone, gum 
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tragacanth and gum acacia; dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example 
polyoxyethylene stearate, or condensation products of ethylene oxide 
5 with long chain aliphatic alcohols, for example heptadecaethylene- 

oxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol 
monooleate, or condensation products of ethylene oxide with partial 
esters derived from fatty acids and hexitol anhydrides, for example 
10 polyethylene sorbitan monooleate. The aqueous suspensions may also 
contain one or more preservatives, for example ethyl, or n-propyl, p- 
hydroxybenzoate, one or more coloring agents, one or more flavoring 
agents, and one or more sweetening agents, such as sucrose, saccharin or 
aspartame. 

1 5 Oily suspensions may be formulated by suspending the 

active ingredient in a vegetable oil, for example arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyi alcohol. Sweetening agents such as those set forth 
20 above, and flavoring agents may be added to provide a palatable oral 
preparation. These compositions may be preserved by the addition of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of 
an aqueous suspension by the addition of water provide the active 
25 ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned 
above. Additional excipients, for example sweetening, flavoring and 
coloring agents, may also be present. 
50 The pharmaceutical compositions of the invention may also 

be in the form of an oil-in-water emulsions. The oily phase may be a 
vegetable oil, for example olive oil or arachis oil, or a mineral oil, for 
example liquid paraffin or mixtures of these. Suitable emulsifying agents 
may be naturally-occurring phosphatides, for example soy beans, lecithin, 
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20 



25 



30 



and esters or partial esters derived from fatty acids and hexitol 
anhydndes, for example sorbitan monooleate, and condensation products 
of the said partial esters with ethylene oxide, for example 
polyoxyethylene sorbitan monooleate. The emulsions may also contain 

5 sweetening and flavouring agents. »° contain 

Syrups and elixirs may be formulated with sweetening 
agents for example glycerol, propylene glycol, sorbitol or sucrose. Such 
formulations may also contain a demulcent, a preservative and flavoring 
and coloring agents. The pharmaceutical compositions may be in the 

> rorm of a sterile injectable aqueous or oleagenous suspension. This 
suspension may be formulated according to the known art using those 

S^f ^T? 01 Wetdng ageDtS ^ SUS P endin * agents which have 
been mentioned above. The sterile injectable preparation may also be a 

atcl, T£ S ° 1Uti0n ° r SUSpCnSi ° n in a non " toxic Parenterally- 
acceptable diluent or solvent, for example as a solution in 1 ,3-butane diol 
Among the acceptable vehicles and solvents that may be employed are 
water, Ringer's solution and isotonic sodium chloride solution In 
addition sterile, fixed oils are conventionally employed as a solvent or 
TZ^^ Forthis P-Po^anyblandL y d oil maybe 
employed in cludmg synthetic mono- or diglycerides. In addition fatty 
acids such as oleic acid find use in the preparation of injectable" 

fnrm . CompOUnds of fo ™rt* I may also be administered in the 

0f r UP ^ S T eSf ° r ^^ Stotionof * e ^. These 
compositions can be prepared by mixing the drug with a suitable non- 

2T t l ! XC1Pient WWCh iS S ° Iid * OTdin ** temperatures but liquid at 

sth STT me,t m me — to release the 

drug. Such materials are cocoa butter and polyethylene glycols 

™«v> • tOP1Cal US6 ' CrcamS » oin tments, jellies, solutions or 

suspensions, etc containing the compound of Formula I are employed 

«n shall include m^th 

i^n n, leVdS ° f *" OKler of from about 0-01 mg to about 

140 mg/kg of body weight per day are useful in the treatment of the 
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a Windicated conditions, or alternatively about 0.5 mg to about 7 g per 
patient per day For example, inflammation may be effectively treated by 

mo^T S ^ 0n ° ffr r ab ° Ut 001 tG 50 m * of me -mpoJd Per " 
kilogram of body weight per day, or alternatively about 0.5 mg to about 

3.5 g per patient per day, preferably 2.5 mg to 1 g per patient per day. 

the carrier ^'T^ °{ ****** mat mav be ^bmed with 
utnT k Pr ° duCe a sin * le dosa Se form will vary depending 

example, a formulation intended for the oral administration of humans 
may contain from 0.5 mg to 5 g of active agent compounded wiTaT 
aippropnate and convenient amount of carrier material which may vary 

It will be understood, however, that the specific dose level 
for any ovular patient wiU depend upon a variety oT tac JZ^ g 

^ W|ht ' general «• *«• ^ of administration 

s™ve2^ ,UStra,10 r' ° feKretion - combination andTe 
seventy of the particular disease undergoing therapy. 
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Assav Protocol for NOS activity 

NOS activity is measured as the formation of L-[2,3,4,5- 
3 H]Citrulline from L-[2,3,4,5-3H]Arginine. The incubation buffer (100 
5 uX) contained; 100 mM TES, pH 7.5, 5 uM FAD, 5 nM FMN, 10 [iM 
BH4, 0.5 mM NADPH, 0.5 mM DTT, 0.5 mg/mL BSA, 2 mM CaC12, 10 
ug/mL calmodulin (bovine), 1 |iM L-Arg, 0.2 jiCi L-[2,3,4,5-3H]Arg, 
and the inhibitor in aqueous DMSO (max. 5 %). The reaction is initiated 
by addition of enzyme. Incubations are performed at room temperature 

10 for 30 minutes and stopped by the addition of an equal volume of 

quenching buffer consisting of 200 mM sodium citrate, pH 2.2, 0.02% 
sodium azide. Reaction products are separated by passing through a 
cation exchange resin and quantitated as cpm by scintillation counting. 
Percent inhibition is calculated relative to enzyme incubated without 

1 5 inhibitor according to: % inhibition = 100 x (cpm L-[2,3,4,5-3H]Cit with 
inhibitor / cpm L-[2,3,4,5-3H]Cit without inhibitor). 

Illustrative of the utility of the compounds of Formula I is 
the ability of such compounds to inhibit NO synthase as shown in Tables 
20 1 -5 and as measured by the assay described above: 

TABLE 1 



Rl N^NR 5 



Rl 


R2 


R5 


% inhibition 
(50uM) 


H 


H 


H 


90 


-CH3 


H 


H 


98 


H 


-CH3 


H 


97 
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TABLE2 




N(H)R 5 



R5 


% inhibition 




(50uM) 


-CH3 


3 


-CH2CH3 


55 


-CH2-phenyl 


3 


-cyclohexyl 


8 
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TABLE 3 
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TABLF 8 



Stereochemical Preferences for NOS Tnhihitinn 



Example 


iNOS 


ecNNOS 


ncNOS 


No. 


IC50 (uM) 


IC50 (uM) 


IC50 (u 


87 


0.015 


0.05 


0.02 


88 


0.022 


0.1 


0.009 


89 


0.24 


7.3 


1.2 


90 


1.63 


9.9 


5.0 


91 


0.62 


8.3 


0.58 


92 


0.14 


1.9 


0.25 


93 


0.42 


3.4 


0.42 


94 


0.1 


2.2 


0.12 


95 


0.038 


0.65 


0.12 


96 


0.047 


2.3 


0.75 


97 


4.5 


>20 


2.2 


98 


13.3 


>20 


8.0 


103 


0.528 


5.5 


5.5 


102 


0.186 


12.5 


0.246 


104 . 


0.133 


0.87 


0.036 


104 


0.009 


0.36 


0.021 


105 


>2.5 


>2.5 


0.61 


105 


0.02 


0.83 


0.053 
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Several methods for preparing the compounds of this 
invention are illustrated in the following schemes and examples. Some of 
the compounds are known in the literature but none are reported to be 
inhibitors of NO Synthase. In one method outlined in scheme 1 and 
5 illustrated in Example 2, the compounds are prepared by reacting a 
cyclic iminoether with an appropriate amine or its salt such as a 
hydrochloride, hydrobromide, sulfate, alkyl sulfonate, acetate etc at a 
temperature between 0-100 oq The required intermediate iminoether 
substrates can be prepared by O-alkylation of the corresponding lactam 

10 by reagents such as methyl trifluoromethanesulfonate, trimethyloxonium 
fluoborate, methyl sulfate etc. Other methods for preparation of 
iminoether known in the art of organic synthesis may also be employed. 
Many of the lactam starting materials are commercially available or they 
can be obtained by literature procedures. One useful method for the 

15 preparation of substituted lactams is illustrated in example 1 . 

SCHEMF 1 

^ffMW Me30Bf=4 (Rt.R2.R3) 



20 



\\ O MeOTf N OMe 



(R) 2 NH.HCI 



(R1.R2.R3) 



Another method for preparing compounds of this invention 
is shown in scheme 2. In this method a thiolactam is first reacted with an 
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10 



alkylating agent such as methyl iodide or methyl sulfate and the resulting 
iminothioether salt is reacted with an amine to furnish the desired 
amidines. The thiolactam substrates for this process are known in the 
literature or they can be prepared from the corresponding lactam by 
treatment with reagents such as P 2 S 5 or Lawesson's reagent (2 4-bis(4- 
memoxyphenyI)-l,3-tf^^ M mustrated 



SCHEME ? 



a(Ri,R 2 ,R 3 ) p 2 s 5 (R^F^Ra) 

in O Lawesson's N'^S 

R 4 Reagent R 4 



I a. Mel 
b. RNH 2 



(RiiR2»R3) 

if * 



R 4 

c^k • ^ te ™ dveI * Acyclic amidine compounds may also be 

T^^^rs™ " describcd by Garigipati < T «- Len - 

. ( i * * *" meth0d (Scheme 3 > » ^ "Me ^ 
converted to an aluminum amide by reaction with an alkylaluminum 

reagent such as trime mylaluminum and in situ cyclization of this 
intermediate furnishes the desired amidines. 
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SCHEME 3 



(Ri,R 2 .R 3 ) (R„R 2 .R 3 ) 
(flT^-CN Me 3 AI ( ^p<T 



NH 



a. 



N NH 
R 4 



5 Alternatively, the cyclic amidine compounds may also be 

synthesized from substituted or unsubstituted 2-aminopyridines by the 
method of Freifelder (M. Freifelder, R. W. Mattoon, Y. H. Ng, J. Org. 
Chem.. 29, 3730-3732 (1964)) employing catalytic hydrogenation under 
acidic conditions (Scheme 4). The addition of acid during the 
10 hydrogenation is important (T. B. Grave, J. Am. Chem. Soc. 46, 1460-1470 

v (1924)) 

SCHEME 4 

(R1.R2.R3) (Ri,R 2 ,R 3 ) 



%j H 2 , catalyst 




a. 



15 N NH 2 H* ^N^NH 



Cyclic amidines may also be prepared from acyclic 
precursors as shown in scheme 5 and demonstrated in example 6. Thus, a 
Michael addition of a nitroalkane to an acrylate ester by the method of 
Bunce and Drumright {Org. Prod. Prep. Int. 19, 471-475 (1987)) leads to 
an ester of 4-nitrobutyric acid. Reduction of the nitro group and 
cyclization gives a lactam which is converted to an amidine by the 
procedures described in scheme 1 or 2. 
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SCHEME 5 




Many cyclic amidines claimed in this specification can have 
stereoisomers and such individual stereoisomers may be prepared from 
chiral lactams. Numerous methods for the synthesis of stereochemically 
pure lactams have been described in literature. One such method using 
amino acids as starting materials is described by Reetz and Rohrig 
(Angew. ChertL lnt. Ed. Engl 28, 1706-1709 (1989)) and is shown in 
scheme 6. The key feature of this procedure is the stereospecific addition 
of organometallic reagents to an unsaturated ester and the reversal of the 
stereoselectivity with an unsaturated malonate, thus allowing synthesis of 
two diastereomers from the same aldehyde intermediate. 
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Scheme 6 



Riv^CCV H 3 steps R 1N ^CHO (EtO) 2 POCH g CO a Et R 1v ^^ C 0 2 Et 

NHi N(CH 2 Ph) 2 N(CH 2 Ph) 2 



CH 2 (C0 2 Me)2 
CITi(OIPr)3 



(CI^Ph) 2 N C0 2 Me 



Me 2 CuU 



Me 

RiVj^v^-COfeMe 
(CHj,Ph) 2 N CQ 2 Me 



a. Add 

b. Base 



Me. 



H 

(4R.5S) 



Me 2 CuLi 



Me 

R iY^C0 2 Et 
N(CH 2 Ph) 2 



a. H2, Pd 

b. Base 



H 

(4S.5S) 



Synthetic methodology also exists for the preparation of 
chirally substituted 2-immo-piperidines. As shown in Scheme 7, addition 
of organocuprates to the O-rerr-butyldimethylsilyl-protected (S)-(-)- 
5(hydroxymethyl)-2(5H)-furanone £ derived from A (available from 
10 Aldrich Chemical Co., Milwaukee, WI) will yield stereoisomer £ (S. 
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Hanessian and P. J. Murray, Tetrahedron , 43, 5055-5072 (1987)). 
Deprotection of £ yields the tree alcohol £ which is converted to lactam E 
by described methodology (C. Herdeis and D. Waibel, Arch. Pharnu 
(Weinheim) 1991, 324, 269-274). Treatment with Meerwien's salt followed 
5 by reaction with ammonium chloride in refluxing ethanol yields chiral 2- 
imino-piperidines I and J. Other substituents and substitution patterns are 
available by analogous chemical manipulations from described 
intermediates (S. Hanessian, Aldrichimica Acta 22, 3- 1 5 (1 989)). 

0 SCHEME 7 




15 



Another method for the synthesis of chiral amidines is 
shown scheme 8. This synthesis utilizes commercially available 
individual enantiomers of citronellic acid that allow preparation of chiral 
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2-iminopiperidines. Treatment of methyl citronellate with ozone and 
further oxidation of the intermediate gives an acid which was used in a 
Curtius reaction to furnish A upon reaction with benzyl alcohol. 
Hydrolysis, cyclization and removal of the Cbz group of A leads to a 

5 chiral lactam (B) and reaction of B with trimethyloxonium fluoroborate 
followed by NH4CI as detailed in scheme 1 furnishes a cyclic amidine. 
Citronellic acid is also a useful starting material for chiral 5-methyl-2- 
iminopiperidines as shown in scheme 9. In this case citronellic acid is 
first subjected to the Curtius reaction to give a protected amine (C). 

0 Cleavage of the double bond of C by ozone and further oxidation direct] 
leads to D and this lactam is converted to an enantiomerically pure 
amidine in 3 steps. 



15 



Scheme 8 




A 



R-Citronellic 
acid 



a. NaOH 

b. CICO z Et, EfcN 

c. 110°C 

d. Hj. Pd(OH) 2 
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Scheme 9 




COjH 



R-Citronellic 
acid 




a. (PhO) 2 PON 3 



b. PhCHaOH 



a. H 2> Pd(OHfc 



b. Me-OBF 4 

c. NH 4 CI 




N-Cbz 



a. Qj. CHzCIa 

b. Jones 




Cbz 



a * a- u Cltronemc acid can ^ used in the synthesis of chiral 
4^-disubstituted 2-iminopiperidines as shown in shown in scheme 10 
This method relies on stereoselective alkylation using the oxazolidone 
chiral auxiliary developed by Evans (J. Amer. Chem. Soc. 104, 1737- 
1739 ( 1982)) and the product is then converted to E. Ozonolysis of the 
double bond of E and cyclization of the resulting aldehyde gives F 
Treatment of F with ozone followed by further oxidation gives an amino 
acid which is cyclized to a chiral lactam (G). Usual transformation of G 
furnishes cyclic amidine. 



WO 96/14844 



PCI7US95/148I2 



-60- 

Scheme 10 



Me 




C0 2 H 



a. Alleviation 

b. UAH 

c. MsCJ 

d. NaN, 

e. UAIH4 

f . CbzCI 




a. 0 3 , HOAc 



b. AcaO 



Me 



cr 



Cbz 



S-Citronellic 
acid 



a. 0 3 

b. Jones 



Me 



rr 



HN N 
H 



a. Me 3 OBF 4 

b. NH4CI 



Me 



a. NaOH 

b. CICQ 2 Et 

c. H 2 . Pd/C 



Me 



CHO 



The invention will now be illustrated by the following non- 
limiting examples in which, unless stated otherwise: 

All operations were carried out at room or ambient 
temperature, that is, at a temperature in the range 18-25°C; evaporation of 
solvent was carried out using a rotary evaporator under reduced pressure 
(600-4000 pascals: 4.5-30 mm. Hg) with a bath temperature of up to 
60°C; the course of reactions was followed by thin layer chromatography 
(TLC) an: eaction times are given for illustration only; melting points 
are uncorrected and 'd' indicates decomposition; the melting points given 
are those obtained for the materials prepared as described; polymorphism 
may result in isolation of materials with different melting points in some 
preparations; the structure and purity of all final products were assured by 
at least one of the following techniques: TLC, mass spectrometry, 
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nuclear magnetic resonance (NMR) spectrometry or microanalytical data; 
yields are given for illustration only; when given, NMR data is in the 
form of delta (5) values for major diagnostic protons, given in parts per 
million (ppm) relative to tetramethylsilane (TMS) as internal standard, 
5 determined at 400 MHz or 500 MHz using the indicated solvent; 
conventional abbreviations used for signal shape are: s. singlet; d. 
doublet; t. triplet; m. multiplet; br. broad; in addition "Ar" signifies 
an aromatic signal; chemical symbols have their usual meanings; the 
following abbreviations have also been used v (volume), w (weight), b.p. 
1 0 (boiling point), m.p. (melting point), L (liter(s)), mL (milliliters), g 
(gram(s)), mg (milligrams(s)), mol (moles), mmol (millimoles), eq 
(equivalent(s)). 
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EXAMPT.F. 1 

3-Methyl-2-piperidPne 

5 

SttP At l-fl.2-diphenvl-2-hvdroxv>ethvl-3-m e thvl P ippriHinP 

v A mixture of 1 .96 g ( 10 mmoles) of commercially available 

trans-stilbene oxide and 990 mg (10 mmoles) of 3-methyl piperidine was 
10 heated one day in refluxing ethanol. The solvent was then removed in 
vacuo to give the desired amino alcohol in quantitative yield. 

StePfr l-fl.?-diPhenvl-2-hvdroxv)ethvl-^-m e thvi- ?- D iperidon e & 

I -( 1 .2-diphen vl-2-hvdrox v^ethvl-5-mftth v l-2-piperidone 

A mixture of the crude amino alcohol(10 mmoles) from step 
A, 6.39 g (20 mmoles) of mercuric acetate and 7.5 g (20 mmoles) of 
ethylene diamine tetraacetic acid disodium salt in 80 mL of 1% acetic 
acid in water was heated to reflux 1.5 hrs. After cooling the reaction 

20 mixture, methylene chloride was added and the mixture was swirled 
around to dissolve all organic matter. The organic and aqueous layers 
were decanted from the shiny metallic mercury by-product. The aqueous 
layer was separated and extracted further with methylene chloride. The 
combined organic layers were washed with water and saturated sodium 

25 chloride solution. After drying over anhydrous magnesium sulfate, 

solvent was removed to give a brown crude product, which was puridfied 
on silica gel using 1:3 ethyl acetate and hexane mixture to give 639 mg of 
l-(l,2-diphenyl-2-hydroxy)ethyl-3-methyl-2-piperidone and 1.5 g of 1- 
( 1 ,2-diphenyl-2-hydroxy)ethyl-5-methyl-2-piperidone. 



Step_£ l-(1.2-diphenvl-2-oxo)ethv1-3-m e thvi-?-pi P Pri^ n?i 
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30 



0.7 mL of 8N Jones reagent was added dropwise to an ice- 
cooled solution of 620 mg (2 mmoles) of l-(l,2-diphenyl-2- 
hydroxy)ethyl.3-methyl-2-piperidone in 10 mL of acetone. The reaction 
mixture was then stirred one hour. 1 mL of isopropyl alcohol was added 
and the mixture was stirred 10 minutes. The solvent was then removed in 
vacuo. The residue was stirred with water and ethyl acetate until all 
solids dissolved. The aqueous phase was separated and extracted with 
ethyl acetate. The combined ethyl acetate phases were washed with 
water and saturated sodium chloride solution. After drying over 
anhydrous magnesium sulfate, the solvent was removed in vacuo to 
afford the desired lactam ketone as foam in quantitative yield. 

3-M e fhvl-?- rirTliTlrnr 

A mixture of 550 mg (1.8 mmoles) of l-(l,2-diphenyl-2- 
oxo ethyl -3-methyl-2-piperidone and 715 mg (1 1 mmoles) of zinc dust in 
8 mL of glacial acetic acid was heated to reflux for 1 day. The mixture 
was cooled and filtered and the solids washed with ethyl acetate The 
filtrate was concentrated to ~5 mL. 25 mL of toluene was added and the 
solvents were removed in vacuo. The residue was dissolved in ethyl 

hTd^xidf ^ ^ n ^ CaUti ° US additi ° n ° f concen ^ ammonium 
hydroxide. The initially formed precipitate dissolved upon further 

addition. After stirring 10 minutes, anhydrous magnesium sulfate was 

added in excess. After 20 minutes, the solids were filtered and washed 

r^lr^i- ^ f"* ^ COnCentrated to g-e a residue which 

" 1 ni eIUSmS 1:1 ^ture of ethyl acetate and hexane 
first and then using 10% methanol in ethyl acetate to give 148 mg of 3- 
methyl-2-piperidone as fluffy solid. 

C^ ( S^ l3 ^ 3 f CH2N); 2 48 (m * CH2C =°* ***** On. 
CH2 s); 1.24 (d, CH3); 5.95 (b,NH) 

Following the above procedures, the following lactams were synthesized: 
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5-Methv1-2-piperiHo^ ?; 

lH NMR(CDC13): 3.3 & 2.92 (m, CH2N); 2.35 (m, CH2G=0); 1.4-2.0 
(m, CH2's); 1 .0 (d, CH3); 6. 1 (b,NH) 

5 

4-Methv1-2-piperiHp n?; 

lH NMR(CDC13): 3.35 (m, CH2N); 2.48 & 2.8 (m, CH2C=0); 1.35-2.04 
(m, CH2's); 1.04 (d, CH3); 6.05 (b,NH) 

10 

4-Propvl-2- P iperidon < v 

lH NMR(CDC13): 3.32 (m, CH2N); 2.5 & 1.98 (m, CH2C=0); 1.25-1.95 
(m, CH2's); 0.90 (t, CH3); 6.1 (b,NH) 

15 

5.5-Dimethvl-2.pi rff r^ n ». 

lH NMR(CDC13): 3.01 (s, CH 2 N); 2.38 (t, CH2C=0); 1.60 (t, CH2); 
1.04 (s.CHS's); 6.1(b,NH) 

20 

3.5-Dimethvl-2-niperiHnn < >- 

lH NMR(CDC13): 3.3 & 2.9 (m, CH2N); 2.52 (m, CHC=0); 1.56-2.1 
(m, CH2's); 1.0 & 1.28 (d, CH3's); 5.95(b,NH) 

25 

4-Ben2Vl-2-pipftrirfnn^; 

lH NMR(CDC13): 3.3 (m, CH2N); 2.62 (m, CH2C=0); 1.35-2.48 (m, 
CH2's); 7.1-7.3 (m, Aromatic); 6.05 (b,NH) 

30 

4-Ethoxvcarf>nnv1-7. r ^ rr n^ ?y1r; 
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lH NMR(CDC13): 4.16 (q; CH2O); 3.35 (m, CH2N); 2.60 (d, 
CH2C=O);2.80 (CHCOOEt); 1.82-2.16 (m, CH2's); 1.24 (t, CH3); 6.58 
(b,NH) 
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1 .2.3.4-Tetrahvdro- 1-quinolone: 

lH NMR(CDC13): 3.6 (t, CH2N);3.0 (t, CH2); 7.2-8.05 (m, Aromatic); 
6.6 (b,NH) 

5 

4-Ethoxvcarbonvl-2-pip erizinone: 

lH NMR(CDC13): 4.26 (q, CH20);4.12 (s, NCH20=0); 3.38 & 3.66 (b, 
CH2's); 1 .26 (t, CH3); 6.66 (b, NH) 

10 

EXAMPLE 1 

\_N OCH3 
15 1 -Aza-2-methoxv- 1 -cvritmnn*^ 

Trimethyloxonium tetrafluoroborate (750 mg; 5 mmol) was 
added in one portion to 2-azacyclononanone (700 mg; 5 mM) in 10 mL 
of anhydrous methylene chloride. The resulting mixture was stirred 

20 overnight at room temperature. The next morning 10% Sodium 

bicarbonate solution was cautiously added to neutralize fluoroboric acid 
and the mixture was then diluted with 20 mL of ethyl acetate. The 
organic layer was separated and the aqueous layer was extracted with 
ethyl acetate. The combined organic layers were washed with 10% 

25 sodium bicarbonate solution and with brine. After drying over anhydrous 
magnesium sulfate, the organic layer was concentrated to remove the 
solvents. The residue was taken up in hexane and filtered through a small 
bed of wet silica gel in hexane. The filtrate was concentrated to give 320 
mg of the desired l-aza-2-methoxy-l-cyclononene. 

30 

lH NMR: 3.52 (s, OCH3), 3.36 (m, CH2N=), 2.24 (m, N=C-CH2); 1.3- 
1.7(m). 
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The following iminoethers were synthesized according to the above 
general procedure. In the case of low molecular weight imino ethers 
such as l-aza-2-methoxy-l-cyclopentene and its methyl analogs, l-aza-2- 
5 methoxy- 1 -cyclohexene and its methyl analogs, it was necessary to use 
low vacuum to remove the solvents in order to reduce the loss of these 
more volatile products. All 1h NMR's are reported as 8 values and were 
run in CDCI3 

10 l-Aza-2-methoxv- 1 -rvrl openten^ 

lH NMR: 3.72 (s, OCH3), 3.58 (t, CH 2 N=),2.36 (t, N=C-CH 2 ), 1 94 
(m). 

15 J-Aza-2-methoxv-5-m < >th^- | . C v C i nr ^ Tfn? . 

lH NMR: 3.7 & 3.73 (2s, OCH3), 3.85 (m, CHN=), 2.38 (m, 
N=C-CH 2 ); 2.14(m) & 1.42(m)(2H), 1.12 (d, C-CH3). 

20 l-Aza-2-methoxv-^-m^ Y | - Vr vc i onftn ^ n<> . 

lH NMR: 3.68 & 3.70 (2s, OCH3), 3.38 & 3.60 (2t, CH 2 N=), 2.13 & 
2.58 (2m, N=C-CH), 1.40 (m), 1.16 (d, C-CH3). 

25 l-Aza-2-methoxv- 1 -^ Y rlrh f x^ nr; 

lH NMR: 3.55 (s, OCH 3 ), 3.40 (m, CH 2 N=), 2.08 (m, N=C-CH 2 ), 1.48 
& 1.64(m). 

30 l-Aza-2-methoxv-3-m ff ^Y|- T - cvr i nhr ?rf T1 f . 

1 7^fi h 5 L^°J? 3) ' 335 (m ' CH2N= >' 225 N=C-CH 2 ), 1.34- 
1 .74(m), 1 . 1 3 (d, C-CH3). 



WO 96/14844 



PCI7US9S/14812 



10 



15 



20 



25 



-68- 

1 - Aza-2-methoxv-4-methv1-l -cvclohexene; 

lH NMR: 3.54 (s, OCH3), 3.29 (m, CH2N=), 2.15 (m, N=C-CH2), 1.56- 
1 .66 (m), 0.86 (d, C-CH3). 

l-Aza-2-methoxv-4-proPvl-l-cvclQhexcne; 

lH NMR: 3.52 (br, OCH3), 3.30 (m, CH2N=), 2.16 (m, N=C-CH2), 
1 .20-1 .64 (m), 0.80 (t, C-CH3). 

1 - Aza-2-meth ox v-5-methvl- 1 -cvclohexene; 

iHNMR: 3.60 (b, OCH3), 3.58 & 2.96 (2m, CH2N=), 2.20 (m, 
N=C-CH2), 1.32-1.77 (m), 0.92 (d, C-CH3). 

1 - Aza-2-methox v-5.5-diinethvl- 1 -cvclohexene: 

lH NMR: 3.62 (b, OCH3), 3.17 (s, CH2N=), 2.16 (t, N=C-CH2), 1.47(t, 
CH2), 0.90 (s, C-CH3). 

1 -Aza-2-methoxv-3.5-dimethvl- 1 -cvclohexene; 

lH NMR: 3.52 (s, OCH3), 2.86 (m, CH2N=), 2.32 (m, N=C-CH2), 146- 
1.72 (m, CH2), 0.86(s, C-CH3) 1.09 (s, C-CH3). 



1 -Aza-2-methoxv-4-benzvl- 1 -cvclohexene; 

lH NMR: 3.61 (b, OCH3), 3.36 (m, CH2N=), l.l-2.6(m). 

30 1 - Aza-2-methoxv- 1 -cvcloheptene: 

lH NMR: 3.34(s, OCH3). 3.26 (m, CH2N=), 2.23 (m, N=C-CH2), 1.37- 
1.60(m). 



WO 96/14844 



PCT/US95/14812 



-69- 



1 -Aza-2-methox v- 1 -cvc]nnrt^ T • 

lH NMR: 3.56 (b, OCH3), 3.34 (m, CH2N=), 2.24 (m, N=C-CH2), 1.3- 
1.6(m). 

5 

3.4-Dihvdro-2- methoxvguinoline: 

*H NMR: 6.9-7. 1 (m, aromatic H), 3.78 (s, OCH3), 2.32 (t, CH2N=), 
2.73 (t, N=C-CH2). 

10 

3.4.5 1 6-Tgtrahvdro-4-ethoxvcarbonv1-2-m ethoxv-pvra7inft- 

lH NMR: 4.15 (q, 2H), 3.90 (s, 2H), 3.65 (s, OCH3), 3.42 (m, 2H), 2.50 
(m, 2H), 1.22 (t,3H). 

15 



2-Imino-1 -azacvclononane hvdtrahlnrtf ff 

A mixture of l-aza-2-methoxy-l-cyclononene (62 mg; 0.4 
mmol) and ammonium chloride (20.5 mg; 0.4 mmol) in 1 mL of 
anhydrous ethanol was heated to reflux for 3 hours. The solvent was then 
removed in vacuo and the residue was triturated with Et20 to give almost 
a quantitative yield of 2-imino-l-azacyclononane hydrochloride as an 
amorphous solid. 



30 lH NMR(CDC13): 8.7, 9.0 & 9.6 (3 br,NH's), 3.4 (m, CH2N), 2.7 0 
CH2ON), 1.5-2.0(m). 



EXAMPf JF. 3 




NH HCI 



20 



Mass Spectrum m/e = 141 
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Note: In some cases a slight molar excess (5 - 10%) of the iminoether 
was used. The workup was effected by triturating the residual product 
with ethyl acetate or Et20. In specified cases the products were obtained 
5 as thick oils. 

The following cyclic amidines (Examples 4-42) were 
synthesized according to the above general procedure by employing an 
appropriate iminoether instead of l-aza-2-methyl-l-cyclononene and 
10 appropriate amine hydrochloride instead of ammonium chloride. All 
NMR's are reported as 5 values. 



15 



EX A MPT ,F. 4 

9* 



NH HCI 



I - Aza-2-imino-cvclopentane hy drochloride: 

20 lH NMR(CDC13): 9.44, 9.13 & 8.77 (3br, N-H's), 2.88 (t, CH2N), 2.88 
(t, CH2C=N), 2.10(m). 
Mass Spectrum m/e = 85 (M+l). 



25 EXAMPTF5 

rC 

£j NH HCI 

l-Az a -2-imino-3-methvlcvc1np ft nt i me hvdrnrhlnri^e; 

30 
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lH NMR(CDC13): 9.48, 9.1 & 8.82 (3br, N-H's), 3.6-3.2 (m, CH2N), 
2.36 (t, CHON), 1 .80 (m), 1 .42 (d, C-CH3). 
Mass Spectrum m/e = 99. (M+l). 



EXAMPLE fi 

CHg-^J^NH HCI 

10 1 -Aza-2-imino-5-methv1cvclopentanft h y drochloride: 

*H NMR(CDCl3): 9.5, 9.18 & 8.78 (3br, N-H's), 4.06 (t, CHN); 3.04- 
2.92 (m, CH2C=N), 2.35 (m, CH2), 1.32 (d,CCH3). 
Mass Spectrum m/e a 99 (M+l). 



15 



20 



EXAMPLE 7 
("X^CHa HCI 

l-Aza-2-methvlamino-1-cvclopentftn#» hydrochloride r«in 



lH NMR (CDQ 3 ): 10.1 & 10.03 (2br, N-H's), 3.66 (b, CH2N), 3.08 (d, 
N-CH3), 2.91 (t, CH2C=N), 2.12 (m). 
25 Mass Spectrum m/e = 99 (M+l). 



EXAMPT.F.R 



30 



,C^s HCI 
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1 -Aza-2-ethv1amino-1 -cv clopentene hydrochloride; (oil) 

lH NMR (D6-DMSO): 10.13 & 9.9 (2br, N-H's), 3.7 (m, CH2N), 3.58 
5 (m, N-CH3), 2.96 (m, CH2C=N), 2.12 (m), 1.28 (t, CCH3). 
Mass Spectrum m/e =113 (M+l). 



EXAMPLE 9 

10 




HCI 



1 -Aza-2-benzvlam ino-1 -cvclopentene hydrochloride: 

15 lH NMR (D6-DMSO): 10. 1 6 (br,N-H's), 7.3-7.4 (m, aromatic H's), 4.54 
(s, CH2Ph), 3.56 (t, CH2N) f 2.84 (t, CH2C=N), 2.06 (m). 
Mass Spectrum m/e = 175 (M+l). 



20 EXAMPLE 10 

1 -A7.a-2-cvc1ohexv1amino-l -cvclopentene hydrochloride. 

25 

lH NMR (D6-DMSO): 9.8 & 9.5 (2br, N-H's), 3.55 (t, CH2N), 2.78 (t, 
CH2C=N), 2.04 (m), 1.2-1.88(m). 
Mass Spectrum m/e = 167 (M+l). 

30 

EXAMPLE 11 
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O HCI 

^-A?a-2-mgthO?tYrarbonvlmethvIamino-1 -cvcln pentene hvHrnrh1o n ^ P: 
5 (oil) 

lH NMR (D6-DMSO): 10.0 (br, N-H's), 4.25 (s, -NCH2COOMe), 3 7 
(s, COOCH3), 3.6 (t, CH 2 N), 2.86 (t, CH2C=N), 2.1(m). 
Mass Spectrum m/e = 157 (M+l). 



10 



15 



EX A MPT .F. 1? 

HCI 



^A^a-2-ff3,4-dihvd^oxvnhenvn e th v |) f ^ m ^no-l-rvr1n ^P ntfnf 
hydrochloride 



lH NMR (D6-DMSO): 9.5 (b,N-H's), 6.46-6.76 (m, aromatic H), 3.54 (t, 
20 CH 2 ), 3.36 (t, CH 2 ), 2.74 (t, CH2), 2.02(m). 
Mass Spectrum m/e = 221 (M+l). 



EXAMPI.FH 

25 

ch 3 HCI 



I z Aza-2.2-dimethvlamino-l -cvcinppntPn^ hydrochloric 
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lH NMR(CDC1 3 ): 1 1.24 (b, N-H's), 3.8 (t, CH2N), 3.4 (s, N-CH 3 ) 3 16 
(t,CH2C=N),2.86(t,CH 2 ),2.2(m). «*3;.J.l6 
Mass Spectrum m/e =113 (M+l). 

5 

EXAMPTF 14 
^^NH HCI 

10 

2-Iminoninmdine hvrfrn^rj^ 

Commercially available sample was used. 

15 

EXAMPTFjs 
C^L^.CH 3 HCI 

20 1 "Agfr Z-mpfhYlamino- 1 -cvcloh e x«.n» t ]Y ^ nr r h | r r j ^ r . (oil) 

1H NMR0> 6 .DMSO): 9.3 & 9.22 (2br, NH's), 3.30 (m, CH 3 ), 2.78 (d, 

CH3),2.52(m,CH 2 C=N);1.70(m). 

Mass Spectrum m/e = 113 (M+l) 

25 



C^g' 0 *^ HCI 
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J-A^a-^ethvlRmino.i.. Yf ^ h rTfr p ehvHr ^ h l?rjTTr 
Mass Spectrum m/e = 127 (M+l). 



10 



EXAMPf f? |7 



> N *^ N -CH 3 HCI 



— • — . (m). 
Mass Spectrum m/e = 127 (M+l). 



20 

EXAMPrfijft 



ex 

ft HCI 



Mass Spectrum m/e = 1 13.1 (M+l). 



30 



WO 96/14844 
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-76- 
EXAMPI.F1Q 

, fj^NH HCI 



2-Imino-4-me.thvl n ip e riHin ff hydrochloride 

lH NMR (D6-DMSO): 9.5, 8.68 & 8.35 (3br, NH's), 3.24 (m, CH 2 N) 
2.55 & 2.15 (m, CH 2 C=N), 1.35-1.85 (m), 0.96 (d,CH3). 
Mass Spectrum m/e =113 (M+l). 



EXAMPr.F^ 



NH HCI 



Z-Imino-^nropvlpiperiH^ffhvdrochlnri^^; 

1H NMR (D6-DMSO): 9.5 & 8.7 (2br, NH's), 3.22 (m, CH 2 N), 2.6-2.16 
(m, CH2C=N), 1.3-1.8(m), 0.85 (t, CH3). 
Mass Spectrum m/e = 141 (M+l). 



EXAMPT.F 0\ 




WO 96/14844 



PCI7US95/14812 



77 



lH NMR (D6-DMSO): 9.54, 8.64 & 8. 36 (3br, NH's) 7 15-7 35 (m 
— « H), 3.35 & 3.2 on, CH 2 N), 2.6( m ! C!^'"^^ 
Mass Spectrum m/e = 190 (M+l). ^<Hm;. 



10 EXAMPT fi?2 

CH3 tl 

^fj^NH HCI 



Mass Spectrum m/e = 113 (M+l). 



20 EXAMPfrfi23. 

CH 3 

fl^NH HCI 



25 sss^s^^^^^^ 

Mass Spectrum m/e = 127 (M+l). 



30 



EXAMPTP ?4 
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-78- 




2-Imino-3.5-dimethvlDiDeridine hydrochloride! 

5 

*H NMR (D6-DMSO): 9.45, 8.7 & 8.5 (3br, NH's), 3.32 (m, CH2N), 
2.64 (m, CHC=N), 1.6-2.22(m). 
Mass Spectrum m/e =113 (M+ 1 ). 



15 1 -Aza-2-iminocvcloheptane hvdrinchlorj^ ; 

lH NMR (CDC13): 9.5, 9.0 & 8.45 (3br,NH's), 3.4 (m, CH 2 N), 2.75 (m, 

CH2C=N), 1.4-1.8(m). 

Mass Spectrum m/e = 127 (M+l). 



EXAMPLE 25 




20 



EXAMPLE 76 




l-Aza-2-methvlamino-1 -cvclohentene h ydrochloride 



1H NMR (CDCI3): 10.0 & 9.5 (2br, NH's), 3.50 (m, CH 2 ), 3.0 (d, CH3), 
2.8 (m, CH2C=N), 1.6-1.84(m). 
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-79- 

Mass Spectrum m/e = 127 (M+l). 

EXAMPT.F77 

5 

^N^jj.C 2 H5 HCI 
l-Aza-2-CthvTaTnino-l-cvc1nh < »p ^ n ? hydrochloric • 

10 lH NMR (CDQ3): 9.8 & 9.54 (2br, NH's), 3.52 (m, CH 2 ), 2.85 (m, 
CH 2 C=N), 1 .70 (m), 1 .3 (t, CH 3 ). 
Mass Spectrum m/e = 141 (M+l). 



15 EXAMPT F 2$ 

^N*^N-CH 3 HCI 

l -Aza-2-dimefhvlamino-l -rvcioh ep t ff n» h^r — hl - nY r 

lH NMR (CDC13): 3.65 (m, CH2N), 3.42 & 3.25 (2s, CH 3 ) 2 72 
(m,CH2), 1.6-1.85(m). 
Mass Spectrum m/e = 141 (M+l). 

25 

EXAMPTF9Q 



20 



WO 96/14844 
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-80- 



no 



HCI 



1 -Aza-2-benzvlarnino- l-cvcloheotene hydrochloride: 

5 lH NMR (D6-DMSO): 9.9 & 9.6 (2br, NH's), 7.4 (m, aromatic H), 4.48 
(b, CH2), 3.45 (m, CH2N), 2.76 (m, CH2ON), 1 .5-1 .75 (m). 
Mass Spectrum m/e = 203 (M+l). 



1 -Aza-2-CVC1ohexvlamino- 1 -cvcloheptene hydrochloride 

15 

1H NMR (D6-DMSO): 9.2 (br, N-H«s), 3.38 (m, CH2N), 2.68 (t, 

CH2C=N), 1.1-1.88 (m). 

Mass Spectrum m/e = 195 (M+l). 



10 



EXAMPLE 30 




20 



EXAMPLE 3 1 




NH HCI 



25 l-Aza-2-iminocvclooctane hvdrior.hlnriHp- 
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KSKffiJ* 90 & 87 (3br - NH * 345 (m - CH2N) - 27 * 

Mass Spectrum m/e = 127 (M+l). 



5 



EXAMPT.F. 1? 



a 



n *^CH 3 HCI 



10 i-A?8-2-mfthv)nmino-1-rvdoorf f »n e hvdrn.h]^ T | a . 

CH3), 2.75 (m, CH2C=N), 1.48-1.95(m). 
Mass Spectrum m/e s= 141 (M+l). 



15 



EXAMPTP^ 



a 



20 



l -A^a-2-frhYlflmino-1-rvrionrtene} T Y^ nr r hl r rii r . 

t-H2C=N), 1.26-2.05 (m), 1.3 (t, CH3). 



- - CH3) 

25 Mass Spectrum m/e s 155 (M+l) 



EXAMPTF^ 



WO 96/14844 
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a 

^ — N 



-82- 

HCI 



no 



l-Aza-2-benzvtamino-1 -cvcloncrene hvdrnrhlnriH*; 

5 lH NMR (D6-DMSO): 9.9 & 9.3 (2br, NH's), 7.36 (m, aromatic H), 4.5 
(b, CH2), 3.5 (m, CH2N), 2.7 (m, CH2C=N), 1.3-1.75(m). 
Mass Spectrum m/e = 217 (M+l). 



10 EXAMPTF^ 



y . ,CH 3 HCI 
l-Aza-2-TT)ethv1amino- 1 -cvplnnnn^ ne hvdmrhlnriH,*- 

1H NMR (D6-DMSO): 9.64 & 8.95 (2br, NH's), 3.5 (m, CH 2 ), 3.05 (d, 
CH3), 2.82 (d, CH 3 ), (2.64 (m, OftON), 1.25-1.8(m). 
Mass Spectrum m/e = 155 (M+l). 

20 

EXAMPT.F^ 



OCX, 



Nhfe HCI 

25 S.^Dihvdr^-aminngiiinol inehvdrnchlnriHp; 

1H NMR (D6-DMSO): 9.7 & 8.9 (2br, NH's), 7.1-7.3 (m, aromatic H), 
2.9 (m, CH2). 
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-83 

Mass Spectrum m/e = 147 (M+l). 



EXAMPTfiTf 

^^ N ^jj-CH 3 HCI 



. 3 , 4-PihY<iro-?-niKhvi aT n ; n. ni n n 7l fn r ^ ny m ^ 

10 lHNMR(D 6 -DMSO): 11.3 & 10.45 (2br, NH's) 7 1-7 5 , m 
H), 3.1 (d, CH 3 ), 2.9 (CH 2 ). (m * 
Mass Spectrum m/e = 161 (M+l). 



15 EXAMpyj? 




20 ^Pl^7^1,H,i BnT ^ 

J H NMR (D6-DMSO): 10.4 (br NHW 7 1 7 « , 

<m, CH 2 ), 2.9 (CH 2 ), 1.25 (u CH3T H) * 3 58 

Mass Spectrum m/e = 175 (M+l). 



25 

EXAMPT r fiqo 



HCI 
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-84- 



3.4-Dihvdro-2-benzvlaminoquinoline hydrochloride: 

lH NMR (D6-DMSO): 10.75 (br, NH's), 7.1-7.55 (m, aromatic H), 4.86 
5 (b, CH2), 3. 1 (d, CH3), 2.95 (m, CH2). 
Mass Spectrum m/e = 237 (M+l). 



EXAMPLE 40 

10 



3.4-Dihvdro-2-cvclohexvlaminoquinoline hydrochloride: 

15 lH NMR (D6-DMSO): 10.2 (br, NH's), 7. 1-7.6 (m, aromatic H), 2.9 
(CH2), l.l-2.0(m). 
Mass Spectrum m/e =; 229 (M+l). 



20 EXAMPLE 41 



3.4-Dihvdro-2-dimethvlaminoquinoline hydrochloride: 

25 

lH NMR (D6-DMSO): 8.8 (br, NH's), 7.1-7.6 (m, aromatic H), 3.4 & 
3.3 (2s, CH3), 2.95(CH2). 
Mass Spectrum m/e = 175 (M+l). 



30 
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-85- 
EXAMPTF4? 

°Y op2Hs 

fj^NH HCI 



10 



CH,?f^" D ^r S ? ): 91 & 8 8 (2br ' 4 38 C "2X 4.1 <q, 

CH 2 ), 3.56 (br, CH 2 ), 3.35 (t, CH 2 ), 1.2 (t, CH 3 ). 

Mass Spectrum rn/e = 172 (M+l). 



EXAMPIT?^ 

15 

5-rS)-2-[miiwM-n7nMn-rlnn/im^ ft)TrtrTT j nrfil1r 

Step A; 1-t-hitoTvrnilionvi i-^rv^^j^^^p, 

20 fS> Dvm ,J° " v *8 ou ™ usI y ***** solution of 2.5 g (24.7 mmol) 2- 
20 (S)-pyrroI.drnomethanol in 20 mL of saturated sodium bicarbonate 

Reacuon was contrnued overnight a, room temperature. Reaction 
mrxture was dUuted with water and extracted with EtOAc. EtOAc Uycr 
was washed with water, brine, dried, fiitered and the fita** w« 

filtration yielded 4.3 g of the desired compound. 

2^S (C ?S 3 > 4 - 76 S ' 1H) ' 3 98 1H >. 3-29-3.67 (m, 4H), 
2.00-2.06(m,lH),1.78-1.84(m,2H),1.48(s,9H). 
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-86- 



Step B: l-t-Butoxvcarbonvl-2-fSVformvl-p vrrolidine. 

To a solution of 0.44 mL (6.2 mmol) of DMSO in 3 mL of 
5 CH2C12 at -78 °C was added 0.36 mL (4. 1 mmol) of Oxalyl chloride. 
After 10 min 0.402 g (2 mmol) of l-t-butoxycarbonyl-2-(S)- 
pyrrolidinomethanol was added and stirred for 20 min. Triethylamine 
(1.7 mL, 12.4 mmol) was added to the reaction mixture and it was 
allowed to warm to room temperature. After stirring for 15 min at room 
10 temperature, the reaction was diluted with water and extracted with 

CH2CI2. The CH2CI2 layer was washed with brine, dried and the filtrate 
was concentrated. The residue was chromatographed using 20% Et20- 
hexane to isolate 0.436 g (quantative) of the title compound mixed with a 
small amount of DMSO which was used in the next step. 

15 

Step C; l-t-Butoxvcarbonvl-2-rSVmethoxvcarhn nvlethvl-pvrTolidinft 

To a suspension of 0.16 g (4 mmol) of NaH in 10 mL of 
THF was added 0.73 mL (4 mmol) of methyl diethylphosphonoacetate. 

20 After 1 0 min a solution of 0.436 g (2 mmol) of 1 -t-butoxycarbonyl-2-(S)- 
formyl-pyrrolidine prepared in step B was added. After stirring for 1 h 
the reaction was quenched by adding saturated NH4C1 and extracted with 
CH2CI2. The CH2CI2 layer was washed with brine, dried, concentrated 
and the residue was purified by chromatography using 20% EtOAc- 

25 hexane to furnish 0.383 g of oil. 

lH NMR (CDCI3): 6.82 ( dd, J= 15.5, 6 Hz, 1H), 5.83 (d, J= 15.5, 1H), 
4.4 (m, 1H), 3.72 (s, 3H), 3.40 (m, 2H), 2.08 (m, 1H), 1.86 (m, 1H), 1.77 
(m, 1H), 1.43 (s, 9H). 
30 13c NMR (CDCI3 in ppm): 166.87, 148.84, 120.00, 57.81, 51.53, 46.18, 
31.68,28.35, 22.86. 

A solution of 0.383 g of this oily product in 5 mL of 
methanol and 50 mg of 10 % Pd/C was stirred under H2 atmosphere 
overnight. The next morning the catalyst was filtered through a plug of 
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-87 



10 



15 



20 



celite and the filtrate was concentrated to obtain 0.368 g (72%) of the title 
compound sufficiently pure for use in the next step. 

IH NMR (CDC1 3 ): 3.78(m, IH), 3.65 (s, 3H), 3.28 (m, 2H), 2.32 (t 
J=7.5Hz,2H),1.45(s,9H). K 

Step P; 5-rSVI-Aza-hirvHor^ ? n )n? m ? ^ 

™ .u A !° lution of 0201 S (0.78 mmol) of l-t-butoxycarbonyl-2- 
(S)-memoxycarbonylethyl-pyrrolidine in 3 mL of CH 2 C1 2 at 0 °C was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K 2 C0 3 solution was added to 
tilie residue until it was basic. The mixture was heated in a 75 'C for 18 h 
The reaction was cooled and extracted with CH 2 C1 2 and the organic 
layer was washed with brine, dried and concentrated. The residue was 
chromatography on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 96 mg (98%) of the title compound. 

™^ F*** 3 (m * 1H) ' 333 (m ' 1H) ' 3 03 1H >' 272 0». 
IH), 2.31 (m, IH), 2.02-2.28 (m, 3H), 1.73 (m, IH), 1 32 (m IH) 

13C NMR (CDC13 in ppm): 174.71, 62.04, 4o'.94, 3< ^ 3^ ^27.15, 



25 StgP& M,SVl-to- bTrVClor3 * Ota etmO-tfrfffl f 

To a solution of 80 mg (0.64 mmol) of 5-(S)-l-aza- 
bicyclo(3.3.0)octan-2-one in 4 mL of toluene was added 0.388 g (0 96 

™ TT i * 1 WeSS ° n ' S md me ^ XtUre was heated in a 90 oc bath. 

After 18 h the reaction was cooled, concentrated and the residue was 
chromatographed using 20% EtOAc-hexane to furnish 83 mg (92%) of 
the title compound. 
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lH NMR (CDCI3): 4.17 (m, 1H), 3.72 (m, 1H), 3.40-3.23 (m, 3H), 2.38- 
2.21 (m, 4H), 1.78 (m, 1H), 1.47 (m, 1H). 

13c NMR (CDCI3 in ppm): 69.68, 49.36, 44.56, 31.60, 29.36, 27.50. 
5 StgpF; 5-(S)-2-Iminol-a7fl-bicvclon T n ) oc tane. hvHrnirvti^ 

Methyl iodide (1.5 mL) was added to 83 mg (0.59 mmol) of 
5-(S)-l-aza-bicyclo(3,3,0)octan-2-thione and the mixture was stirred 
overnight. Next morning excess methy iodide was removed in vacuo 
10 leaving a solid residue. 

lH NMR (D20): 4.66 (m, 1H), 3.53 (m, 1H), 3.68-3.57 (m, 4H), 2.76 (s, 
3H), 2.53-2.41 (m, 3H), 2.26 (m, 1H), 2.03 (m, 1H), 1.66 (m, 1H). 
NMR (D20 in ppm): 187.28, 75.86, 45.84, 43.19, 29.53, 27.52, 
15 27.05,15.40. 

The solid obtained from the above reaction was dissolved in 
5 mL of MeOH and the solution was saturated with NH3. After stirring 
for 18 h the reaction mixture was concentrated leaving a white solid 
20 residue. The solid was triturated with ether and dried to isolate 0.161 g 
(quantative) of the tide compound as a hydroiodide salt. 

lH NMR (D 2 0): 4.31 (m, 1H), 3.40 (m, 2H), 3.25 (m, 1H), 3.04 (m, 
1H), 2.36-2.27 (m, 4H), 1.94 (m, 1H), 1.53 (m, 1H). 
25 i^C NMR (D2O in ppm): 165.37, 69.08; 49.03, 42.66, 35.96, 30.38, 
27.83, 27.18. 



30 



EXAMPT .P AA 
H 



a? 



NH HI 
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-89- 

2-IminP-1 -a7!fl-hirvr1or4.3.mnon a n e hvdrninHiH* 

Step A; 

5 Starting from 5 gm (43.4 mmol) of 2-(R+S)- 

piperidinodinomethanol and following the procedure as in example 43 
step A gave 7.06 gm of the title product. 

in (CDCI3): 4 26 ^ 1HX 3 92 (m ' 1H) ' 3 ' 77 ^ 1H >. 3-59 (m, 

10 1H), 2.84 (m, 1H). 1.49-1.60 (m, 3H), 1.44 (s, 9H). 

NMR (CDC1 3 in ppm): 79.72, 61.40, 52.37, 39.95, 33.88 28 37 
25.19,25.11,19.50. ' 



15 



Step B: T-t-PlitOXvr^nvl^-rR^^r^y!-^^^^,. 

e Starting from 0.7 gm (3.2 mmol) ofl-t-butoxycarbonyl-2- 
(K+S)-pipendinodinomethanol and following the procedure as in 
example 43, step B, gave 0.675 gm of the desired compound. 

20 III 1 ?! £ DCl3): 9 60 ( * J=5 ' 7 * 1H) ' 4 55 <* MUX 3.95 (br s, 
1H), 2.94 (br s, 1H), 2.17 (m, 1H), 1.67-1.28 (m, 5H), 1.48 (s, 9H). 



25 



30 



To a suspension of 0.088 g (3.7 mmol) of NaH in 5 mL of 
TOT was added 0.68 mL (4 mmol) of methyl diethylphosphonoacetate at 
-10 C. After 10 mm a solution of 0.528 g (2.47 mmol) of 1-t- 
butoxycartony^ prepared m step B was added 

^er stming for 1 h the reaction was quenched by adding saturated 
NH4Q and extracted with EtOAc. The EtOAc layer was washed with 
bnne, dried, concentrated and the residue was purified by 
chromatography using 5% EtOAc-hexane to furnish 0.579 g of oil 
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lH NMR (CDCI3): 6.88 ( m, 1H), 5.81 (d, J= 15.8, 1H), 4.94 (m, 1H), 
3.98 (m, 2H), 3.74 (s, 3H), 2.81 (m, 1H), 1.81-1.60 (m, 5H), 1.45 (s, 9H). 
13C NMR (CDCI3 in ppm): 166.61, 154.94, 121.56, 79.79, 51.53, 28.89, 
28.33, 25.22. 19.81. 

5 

A solution of 0.570 g of this oily product in 5 mL of 
methanol and 50 mg of Pt02 was stirred under H2 atmosphere overnight. 
The next morning the catalyst was filtered through a plug of celite and 
the filtrate was concentrated to obtain 0.548 g of the tide compound 
1 0 sufficiently pure for use in the next step. 

lH NMR (CDCI3): 4.24(m, 1H), 3.66 (s, 3H), 2.73 (m, 1H), 2.31-2.25 
(m, 2H), 2.13-2.07 (m, 1H), 1.69-1.50 (m, 6H 1.45 (s, 9H). 
13c NMR (CDCI3 in ppm): 174.00, 154.96, 79.20, 51.49, 49.88, 30.89, 
v 15 28.85,28.37,28.27,25.50,24.96,19.01. 

Step P; S-fR+SVl-Aza-hicvnln^^.O^nnan-^-nnft 

A solution of 0.548 g (2.02 ramol) of l-t-butoxycarbonyl-2- 
20 (R+S)-methoxycarbonylethyl-piperidine in 3 mL of CH2CI2 at 0 °C was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K2CO3 solution was added to 
the residue until it was basic. The mixture was heated in a 75 °C for 2 h. 
25 The reaction was cooled and extracted with CH2CI2 and the organic 
layer was washed with brine, dried and concentrated. The residue was 
chromatographed on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 0.187 g (67%) of the title compound. 

30 lH NMR (CDCI3): 4.04 (m, 1H), 3.34 (m, 1H), 2.54 (m, 1H), 2.27 (m, 
1H), 2.14 (m, 1H), 1.80 (m, 2H), 1.63 (m, 1H), 1.50 (m, 1H), 1.36-1.23 
(m,2H), 1.09 (m, 1H). 

13c NMR (CDCI3 in ppm): 173.47, 57.17, 40.11, 33.48, 30.20, 25.23, 
24.35, 23.58. 
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SfcpE; iWR4,sVl-Arn hirvriora a n}nmn ? thjnn£ 

5 bicvclor* * m ° * SOl . d ° n ° f 90 mg (a64 of 5-(R+S)-l-aza- 

ta^^^^nonniHZ-ooB in 4 mL of toluene was added 0.392^0 97 
n^l) of La wesson . s reagent ^ Ae ^ was hea ^^ 0 g o ( ^ 9 b 7 ath 

After 18 h the reaction was cooled, concentrated and the residue was 

* 24.23^ 3 m I9915 ' 6513 ' 45 - 53 - 33.34. 26.66, 
SteFF; VPtSV? faiinn 1 in, nw».H M r W |,, | , |M 

20 Ot^-tt^^'T added 1 to 1 , 50 mg (032 — «> 

5 hr. Excess me% Mde^i^T WaS stimd fOT 

y ,0d,de was removed ™ vacuo leaving a solid residue 



30 



5 mL ofMeOH e ^A. 0 l t T. ed fr ° m * 8 a "° Ve ""**« w <« dissolved in 
"u- ui raeun and the solution was saturated with NHi aa„ „• • 

for 18 h the reaction mixture was concent W,m . NH3 - After somng 
«sidue. The solid was tZ^^ZZ^TJ, * "f* "** 
(ouantative) of the title com^dTa SSS"^ 83 "* 
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10 



lH NMR (D20): 3.84-3.78 (m, 2H), 3.07 (m, 1H), 2.85 (m, 2H), 2.32(m, 
1H), 2.01 (m, 1H), 1.86-1.72 (m, 4H), 1.48 (m, 2H), 1.34 (m, 1H). 
13C NMR (D2O in ppm): 166.27, 63.61, 43.14, 31.94, 29.93, 25.30, 
23.30,21.97. 



EXAMPLE 45 
CH3 

CH3 N NH HOAc 



W-4.6-PimethvT-?rimino-nineridine. acetic acid salt 

2-Amino-4,6-dimethyl-pyridine (2.00 g, 16.4 mmol) was 
15 dissolved in 10.0 mL of glacial acetic acid and 0.90 g of 5% rhodium on 
alumina was added. The mixture was shaken under a hydrogen atmosphere 
at 40 psi for 16 h. After filtering the mixture through Celite and washing 
the catalyst with an additional 25 mL of acetic acid, the filtrate was 
concentrated to a weight of 4.5 g. Toluene (3x10 mL) and then ethyl 
20 acetate (20 mL) were added sequentially, with evaporation of the solvent 
under vacuum following the addition of each portion. The residue was 
dissolved in methanol and filtered through a 0.45 micron membrane. The 
filtrate was evaporated and the residue was dissolved in 20 mL of ethyl 
acetate and cooled to 0 °C. Filtration and drying under vacuum yielded 958 
25 mg (3 1 % yield) of cw^,6-dimethyl-2-imino-piperidine, acetic acid salt. 

iH-NMR (400 MHz, CD3OD) 5 3.58 (m, 1H), 2.62 (ddd, 1H, J = 17.5, 4.5, 
2 Hz), 2.16 (ddd, J = 17.5, 12, 1.5 Hz), 2.00-1.90 (m, 2H), 1.89 (s, 3H), 
1.27 (d, 3H, J = 6 Hz), 1.1 1 (q, 1H, J = 12 Hz), 1.06 (d, 3H, J = 6 Hz). 
30 Mass spectrum: 127 (M+l). 
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Following the above procedures, the following 
2-iminopiperidines (Examples 46-59) were synthesized from the 
appropriate 2-aminopyridine: 



EXAMPT .P. Af> 



^fl^NH HOAc 

10 2-Imino-4-merhvi- P ip p ri1in f , j rarir aqf j l<m | T 

fddd N m l 40 ?,^ ' CD30D> 5 3 24 (ddd - 1H ' J s 13 ' 5 ' 5 ' 25 3.14 

-vsiohJ; «« 245 (ddd * ia J = 17 - 5 - * 15 Hz >' 204 « j 



20 



25 



EXAMPT P 47 



fr-EthYl-?,-imino-4-nif thvl-nineridin. flrirt n n lT 

iH-mffi (400 MHz, CD30D) 5 3.48-3.39 (m, 1H). 2.63 (ddd. IH. J = 

1 M^^'i*?* 1H> 3 = "* * 15 203 - ,!>0 2H >. 
12 Hz), 1 .07 (d, 3H, J = 7 Hz), 0.98 (t, J = 7 Hz). 
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EXAMPT.F4R 



5 




CH 3 

NH HCI 



4-IimnQ-5-rf,T-methvl-3-a7ahicvc1o M.Tf)] ponane. hvrimr^f 

*H NMR (400 MHz, CDC13) 5 3.42 (dm, 1H, J=13Hz), 3.23 (d, 1H, 
J=13Hz), 2.84-2.87 (m,lH), 2.62-2.49 (1H, m), 2.02-1.95 (1H, m), ' 
1.93-1.86 (1H, m), 1.76-1.69 (1H, m), 1.41-1.28 (2H, m), 1.249 (3H d 
J=7Hz), 0.95-0.86 (lH,m). ' ' 

Mass spectnim m/e = 153 (M+1). 



m NMR (400 MHz, CDCI3) 6 3.95-3-88 (m, 1H), 3.05(t, 2H, J=5Hz) 
2.73 (dd, 1H, J=17Hz, J=5.5Hz), 3.05 (t, 2H J=4.5 Hz), 2.73 (dd, 1H 
J=18Hz, J=5.5Hz), 2.37 (dd, 1H, J=18Hz, J=9.5Hz), 2.4-2.3 (m 1H) 
2.25-2.20 (m, IH,), 1.37 (d, 3H, J=7.1Hz), 1.15 (d, 3H, J=6.7Hz). ' 



15 



EXAMPI.R40 




20 




Mass spectrum m/e = 156 (M+1). 
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EXAMPT.F ^ 
CH3 

^fj^NH HCI 

5 

W-3-RthYl-?-imin<M.mefhvl- p ip^^ nr h ydroch1nriH. 

lHNMR(500MHz,CD 3 OD)83.44(m,lH),3.38 (m,lH),2.48 (dd 
10 miv'< IH) ;^ 16 1 ^ J = 10 &4Hz,lH),1.83 (m,lH),1.74 (m, 2 
10 H),1.67 On. 1H). 1.06 (t, J = 8 Hz, 3 H), 1.05 (d, J = 7 Hz, 3 H). 

Mass spectrum m/e = 141 



15 



20 



25 



EX A MPT /F ^| 
CHs 

{j^NH HQ 

cw-2-linin(H.mMhYH-n-iTr(>nv1.nin e riHi n< . M-y^,^ ,. 
Mass spectrum m/e =155 



EXAMPT.FV) 
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H0 2 C 




NH HOAc 



ctj/rrgwj-2-Imino-4-methvl-piperidine-S-carboxvlic acid, acetic acid salt. 

5 

lH NMR (400 MHz, CD3OD) 5 1.04 (d, 1.5H), 1.08 (d, 1.5H). 
Mass spectrum m/e =156 (M). 



15 c/j/l?rfln.y-2-Immo-4-metfavl-piperidine-5-carboxv Hc acid, methvl ester. 
acetic acid salt. 

lH NMR (400 MHz, CD3OD) 8 1.05 (d, 1.5H), 1.09 (d, 1.5H), 3.74 (d, 
3H). 

20 

Mass spectrum m/e = 171 (M+l). 



10 



EXAMPLE 53 




HOAc 



EXAMPLE 54 



25 




NH HOAc 
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C^<?nf-5-Acgtamidomethvl-2-imino^methvl-piperidin^ acetic acid salt. 
lH NMR (400 MHz, CD3OD) 8 1.02 (d, 1.5H), 1.10 (d, 1.5H). 

5 

Mass spectrum m/e = 184 (M+l). 

EXAMPLE 55 

10 

^fj^*NH HOAc 

2-Imino-5-n-propvloxv-piperidine. acetic acid salt 
15 lH NMR (400 MHz, CD3OD) 5 0.95 (t, 3H), 1.59 (m, 2H). 
Mass spectrum m/e =157 (M+l). 

20 EXAMPLE 56 

CH3 Y H^ 

° £| NH HOAc 

W/ifr(Wf-5-Acctemidc-2-imino-4-methvl-piperidi ne. acetic acid salt 

25 

lH NMR (400 MHz, CD3OD) 5 1.00 (d, 1.5H), 1.05 (d, 1.5H), 1.97 (d, 
3H). 

Mass spectrum m/e =170 (M+l). 

30 
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RX AMPLE 57 
^pj^NH HOAc 

5 

5-Cvclohexvl-2-imino-piperidine. acetic acid salt. 
lH NMR (400 MHz, CD3OD) 6 1.00-1.85 (br m, 11H). 
10 Mass spectrum m/e = 181 (M+l). 

EXAMPLE 58 



H^NH HOAc 

cfr/fr<?ftf-5<frclphexyl-2-m acetic acid salt. 

lH NMR (400 MHz, CD3OD) 8 0.90 (d, 1.5H), 1.05 (d, 1.5H). 

20 

Mass spectrum m/e =195 (M+l). 



EXAMPLE 59 

25 



WO 96/14844 PCT/US95/14812 
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2-IminP-5-trifluoro-nineridine..aceric arid salt 

iHNMR (400MHz, CD3OD) 5 1.83-1.97 (brm, 1H), 2. 14-2.20 (br m, 
1H), 2.74-2.80 (br m, 2H), 2.86-3.00 (br m, 1H), 3.337-3.44 (m, 1H), 3.62- 
3.68 (q, 1H). 

Mass spectrum m/e = 167 (M+l). 



10 EXAMPLE 60 

CHs 



15 



2-Im j no-,5-ethvl-4-methvInvTTolirfin ft hy d rochloride 

SSSSlAl Methvl 3-methvl-4-nitrnh ft T a nn arf 



A solution of 4 g (40 mmol) of methyl crotonate and 
4.72 g (53 mmol) of 1 -nitropropane in 20 mL of acetonitrile was treated 

20 with 6 mL (40 mmol) of 1 ,8-diazobicyclo[5.4.0Jundec-7-ene (DBU). 
After stirring for 22 h at room temperature the reaction mixture was 
diluted with water and acidified with 2 N HC1. The solution was 
extracted with Et20 and the Et20 layer was washed with brine, dried and 
concentrated. The residue was chromatographed on a flash column using 

25 10 % Et20-Hexane to isolate 6.41 g (85%) of the title compound. 

*H NMR (CDCI3, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.44 & 4.38 (2m, 1H), 3.70 & 3.69 
(2s, 3H), 2.65-1.7 (m, 5H), 1.06 & 1.01 (2d, 3H, J=7 Hz), 0.97 (t, 3H, J=7 
30 Hz). 



Step B; 



S-Ethvl^methvl-g-pvrrnlMn^ 
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A solution of 4.0 g (21 mmol) of methyl 3-methyl-4- 
nitrohexanoate (from step A) in 20 mL of EtOH containing 0.4 g of Pt02 
was hydrogenated on a Parr apparatus for 3 days. The catalyst was 
5 filtered and washed with EtOH and the filtrate was concentrated. 
Vacuum distillation of the residue furnished 1.6 g (61%) of the title 
compound: bp 102-107 °C/2 mm. 

*H NMR (CDC13, smce stereoisomers were present multiple peaks were 
10 observed and ppm ranges are given): 6.9 (br s, 1H), 3.50 & 3.1 1 (2 m, 1 
H), 2.65-1.3 (m, 5H), 1.14 & 1.04 (2d, 3H, J=7 Hz), 0.96 (t, 3H, J=7 Hz). 

Step C: l-aza-5-ethvl-2-methoxv-4-methv1- 1 -cvclopentene 

15 To a solution of 0.254 g (2 mmol) of 5-ethyl-4- 

methyl-2-pyrrolidone (from step B) in 3 mL of CH2CI2 was added 0.355 
g (2.4 mmol) of trimethyloxonium tetrafluoroborate under a N2 
atmosphere. After stirring overnight the reaction mixtrue was quenched 
with saturated K2CO3 solution and diluted with Et20. The solution was 
filtered and the filtrate was concentrated. The residue was purified by 
flash chromatography using Et20-hexane to isolate 0.224 g (79%) of the 
tide compound. 

*H NMR (CDCI3, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.8 (s t 3H), 3.6-3.4 (m, 1 H), 2.7- 
0.8 (m, 10H). 

Step P; 2-Inuno-5-ethvl-4-methvlpvrrolidine hydrochloride 

A mixture of 0. 1 g (0.7 1 mmol) in 3 mL of EtOH 
containing 0.03 g (0.56 mmol) of NH4CI was heated to reflux. After 4 h 
the solution was cooled and concentrated and the residue was suspended 
in EtOAc. The precipateted solid was filtered washed with EtOAc and 
dried to furnish 0.072 g (79%) of the title compound. 
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*H NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.82 & 3.50 (2 q, 1H), 3.1-2.45 (m, 
2 H), 2.31 & 1.64 (2 m, 1H), 1.6-1.45 (m, 2H), 1.1 1 & 1.0 (2 d, 3H, J=7 
5 Hz),0.92(t,3H,J=7Hz). 

Mass spectrum m/e = 127 (M+l) 



The following 2-iniino-pyrrolidines (Examples 61-78) were prepared by 
1 0 the method of Example 60 by substituting appropriate nitroalkane and 
acrylate esters. 



EXAMPT.F. 61 

1 5 

CHb 

^•^NH HCI 

2-Imino-4-methvlT>vrrolidinf. hv^hfrridf 

20 lH NMR (D 2 0): 3.73 (t, 1H), 3.22 (dd, 1H), 2.97 (dd, 1H), 2.65 (m, 
1H), 2.47 (dd, 1H), 1.08 (d, 3H). 

Mass spectrum m/e = 99 (M+l) 

25 



EXAMPIF.fi? 
^^NH HCI 



30 2-Imino-4-ethvl P viTo1idinP hvdmrhlnrjde 



WO 96/14844 



PCT/US95/14812 



- 102- 



lH NMR (D2O): 3.75 (dd, 1H), 3.31 (dd, 1H), 2.98 (q, 1H), 2.54 (m, 
2H), 1.49 (m, 2H), 0.89 (t, 3H). 

5 Mass spectrum m/e =113 (M+l) 



2-Imino-4.5-dimethvlpvrrolidine hydrochloride 

lH NMR (D2O, since stereoisomers were present multiple peaks were 
15 observed and ppm ranges are given): 4.05 & 3.69 (2 m, 1H), 2.99 & 2.94 
(2 dd, 1 H), 2.66 & 2.17 (2m, 1H), 2.54 & 2.51 (2t, 1H), 1.25, 1.13, 1.1 & 
0.99 (4d, 6H). 

Mass spectrum m/e =113 (M+l) 



EXAMPLE 63 




NH HCI 



20 



EXAMPLE 64 




NH HCI 



25 



2-Imino-4-methvl-5-propvlpvrrolidine hydrochloride 



lH NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.69 & 3.30 (2 q, 1H), 1.95- 2.6 (m, 
30 3 H), 1.2-1.6 ( m, 4H), 1.08 & 0.96 (2 d, 3H), 0.90 (t, 3H). 
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Mass spectrum m/e = 142 (M+l) 



EXAMPLE (X 




2-IminP-5-meThvl-4-nroDvlDviTn1irfine hydrochloride 

10 

Mass spectrum m/e = 141 (M+l) 



EXAMPLE fifi 

15 




CzHs — ^ NH HCI 

2-IminP-5-ethvl-4-nropv1 P VTm1iHinP hydrochloric 
20 Mass spectrum m/e = 155 (M+l) 

EXAMPLES 

25 C^-^^NH HCI 

2-ymiqQ-5-ethv1-3-TnethvlDvrmliHin ft hvdrn C hTnriri < » 
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Mass spectrum m/e = 127 (M+l) 

EXAMPLE 68 

5 

2-Imino-5.5-dimethvlpvrrolidine hydrochloride 
10 lH NMR (D20): 2.91 (t, 2H), 2.04 (t, 2H), 1 .33 (s, 6H). 
Mass spectrum m/e =113 (M+l) 

15 EXAMPLE 69 

CHa 



CH 3 « 



2-Irnino-3.5.5-trimethvlDvrrolidine hydrochloride 

20 

Mass spectrum m/e = 127 (M+l) 



EXAMPLE 70 

25 

C 2Hs 

2-Imino-4-ethvl-5-methvlpvrrolidine hydrochloride 
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*H NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.08 & 3.71 (2 m, 1H), 3.1-2.4 (m, 
3 H), 1.6-1.2 (m, 2H), 1.26 & 1.1 1 (2 d, 3H), 0.90 (t, 3H). 

5 Mass spectrum m/e = 127 (M+l) 



EXAMPLE 71 



10 




NH HCI 



2-Imino-4-nronv1nvrrolidin e hvrWhinrjriff 

lH NMR (D2O): 3.74 (dd, 1H), 3.30 (dd, 1 H), 2.97 (dd, 1H), 2.6 (: 
15 2H), 1.45 (q,2H), 1.31 (m, 2H), 0.88 (t, 3H). 

Mass spectrum m/e = 127 (M+l) 



EXAMPLE 77 



^w^*NH HCI 



^Imino-4-(2-rnethvl-ethvn P vrrn1iHin e hydrochloride 

25 

lH NMR (D20): 3.72 (t, 1H), 3.37 (dd, 1 H), 2.91 (dd, 1H), 2.63 (dd, 
1H), 2.39 (m, 1H), 1.66 (m, 1H), O. 00 (2d, 6H). 



Mass spectrum m/e = 127 (M+l) 
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-106 



EXAMPLH73 




^ NH HCI 



2-IminQ-4-phenvlpvrro1idine hydrochloride 

lH NMR (D2O): 7.4 (m, 2H), 7.32 (m, 3H), 4.02 (dd, 1H), 3.82 (m, 1H), 
10 3.62 (m, 1H), 3.25 (dd, 1H), 2.97 (dd, 1H). 

Mass spectrum m/e ==161 (M+l) 



15 EXAMPTR74 

CHa CHa 

^^^NH HCI 



2-Imino-3.4-dimethvlpviTo1idine h ydrochloride 

*H NMR (D2O, since stereoisomers were present multiple peaks were 
observed): 3.74 & 3.68 (2 dd, 1H), 3.25 & 3.19 (2 dd, 1 H), 3.12 & 2.23 
(2 m, 1H), 2.68 (m, 1H), 1.27 & 1.17 (2 d, 3H, ), 1.12 & 1.0 (2 d, 3H). 

25 Mass spectrum m/e =113 (M+l) 



EXAMPLE 7S 
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NH HCI 



2-Imino-4-ethv1-3-methvlpvmolidine hydrochloride 

5 lH NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.77 & 3.67 (2 1, 1H), 3.32 & 3.26 
(2t, 1 H), L6-3.1(m, 2H), 1.51 & 1.40 (2m, 2H), 1.29 & 1.17 (2 d, 3H, ), 
0.90 (m, 3H). 

10 Mass spectrum m/e = 127 (M+l) 



EXAMPLE 76 



15 




2-Imjno-5-methv1-4>propvlDvrrolidine hydrochloride 

*H NMR (D2O, since stereoisomers were present multiple peaks were 
20 observed and ppm ranges are given): 3.82 & 3.50 (2 q, 1H), 2.45- 3.1 (m, 
2 H), 2.31 & 1.64 (2 m, 1H), 1.45-1.6 (m, 2H), 1.11 & 1.0 (2 d, 3H, J=7 
Hz),0.92(t,3H,J=7Hz). 

Mass spectrum m/e = 127 (M+l) 

25 



EXAMPLE 77 
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NH HCI 



2-Imino-3-azabicvclof4.3.0^nonane hydrochloride 

5 lH NMR (D20): 3.56 (dd, 1H), 3.32 (dd, 1 H), 3.02 (q, 1H), 2.56 (q, 
1H), 1.2-2.0 (m,8H). 

Mass spectrum m/e = 139 (M+l) 



15 2-Imino-3-azabicvclof3.3.0^octanehvdrnnhlnridP 

lH NMR (D2O): 3.82 (dd, 1H), 3.48 (dt, 1 H), 3.32 (dd, 1H), 2.98 (m, 
1H), 1.4-2.1(m, 6H). 

20 Mass spectrum m/e = 125 (M+l) 

The compounds of examples 79 and 80 were synthesized 
from the commercially available pyrrolidone intermediates by the 
procedure outlined in step C and D in example 60. 



10 



EXAMPLE 78 




NH HCI 



25 



EXAMPLE 79 
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10 



20 



109- 



CH3 



^jjj^NH HCI 

2-Imino-3-methvlpvrrolidine hydrochloride 

5 lH NMR (D2O): 9.48 (s, 1H), 9.1 (s, 1H), 8.82 (s, 1H), 3.6 (m, 1H), 
3.28 (m, 1H), 2.37 (m, 1H), 1.78 (m, 1H), 1.40 (d, 3H). 



EXAMPLE 80 
CHa^^^NH HCI 

2-Irnino-5-rnethvlpvrrolidinehvdrochiorid ft 

15 lH NMR (D20): 9.49 (s, 1H), 9.18 (s, 1H), 8.79 (s, 1H), 4.05 (m, 1H), 
3.02 (m, 1H), 2.92 (m, 1H), 2.33 (m, 1H), 1.73 (m, 1H), 1.32 (d, 3H). 



EXAMPLE 81 

CH3 Y O^XX NH HCI 
o H 

2-Imino-5-fSVacetvloxvmefhv1pyrro1idine hydrochloride 

25 The commercially available (S) 5-(hydroxymethyl)-2-pyrrolidone was 
acylated with acetic anhydride and the product was subjected to the 
procedure of Example 60, steps C and D to isolate the title compound. 
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10 



25 



-110- 

lH NMR (D2O): 4.28 (m, 2H), 4.07 (m, 1 H), 2.92 (m, 2H), 2.37 (m, 
1H), 2.1 1 (s, 3H), 2.0 (m, 1H). 



EXAMPLE 82 
o H 

2-Imino-5-rRVacetvloxvmethvlDvrrolidine hydrochloride 

The title compound was prepared by the procedure of example 81 starting 
from (R) 5-(hydroxymethyl)-2-pyrrolidone. 



lH NMR (D2O): 4.3(m, 2H), 4.09 (q, 1 H), 2.92 (m, 2H), 2.39 (m, 1H), 
15 2.10 (s,3H), 2.0 (m, 1H). 

Mass spectrum m/e =157 (M+l) 
20 EXAMPLE 83 



N 



NH HCI 



2-Immo-S-fSVhvdroxvmemvlpviTolidine hydrochloride 



A solution of 15 mg (0.078 mmol) of 2-imino-5-(S)- 
acetyloxymetfaylpyrrolidine hydrochloride prepared in example 81 in 3 
mL of methanol was saturated with NH3 and the solution was stirred for 
3 h. The reaction mixture was concentrated and the residual solid was 
30 suspended in Et20-EtOAc, filtered and washed with Et20 and dried to 
isolate 6 mg of the title compound. 
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lH NMR (D20): 4.10 (m, 1H), 3.70 (m, 1 H), 3.57 (m, 1H), 2.87 (i 
2H), 2.29 (m,lH), 1.97 (m, 1H). 

5 Mass spectrum m/e = 1 15 (M+l) 



2-Imino-5-rRVhvdroyvmethv1pvrro1i dine hydrochloric 

The title compound was obtained from 2-imino-5-(R)- 
1 5 acetyloxymethylpyrrohdine hydrochloride (example ) by the method 
described in example 83. 

lH NMR (D 2 0): 4.12 (m, 1H), 3.72 (dd, 1 H), 3.57 (dd, 1H), 2.88 (i 
2H), 2.3 (m, 1H), 1.96 (m, 1H). 

20 

Mass spectrum m/e =115 (M+l) 



EXAMPIRK4 



IMH HCI 



10 



EXAMPIKRS 




5-EthYl-2-imino-4-methvl-niDeridin ft ar^r ^ m \t 



Step A; . ^-Nitro^methvl-7-trimethvlarPtYl ^ iinnpvridtnft 
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To a mixture of 5-nitro-4-methyl-2-aminopyridine (LO g, 
6.53 mmol) in 15 mL of methylene chloride was added triethylamine 
(1.14 mL, 8.16 mmol) and cooled to 0 °C. To this was added dropwise a 
5 solution of trimethylacetyl chloride (0.89 mL, 7. 18 mmol) and the 
mixture allowed to warm to room temperature and stirred 72 h. The 
solution was diluted with 100 mL of methylene chloride, washed with 
saturated sodium bicarbonate, water, brine, dried (Na2S04), and 
evaporated to an amber oil. This was subjected to flash silica gel 
10 chromatography using 10% ethyl acetate/hexane as eluant to yield the 
title compound. 

*H NMR (400 MHz, CDCI3): 5 1.34 (s,9H); 2.65 (s,3H); 8.18 (b,lH); 
8.29 (s,lH); 8.94 (s,lH) 

15 

Step B; 5-Amino-4-methvl-2-trimethvlacetvlaminopvridine 

A solution of 5-nitro-4-methyl-2- 
trimethylacetylaminopyridine (4.5 g, 18.97 mmol) in 50 mL of acetic 
20 acid containing 10% palladium/carbon was hydrogenated at atmospheric 
pressure for 48 h. The catalyst was removed by filtration and the filtrate 
was concentrated. The residue was coevaporated with toluene to give the 
title compound. 

25 *H NMR (400MHz, CDCI3): 5 1.29 (s,9H); 2.19 (s,3H); 7.60 (s,lH); 
8.04 (s,lH);8.50 (b,lH) 

Step C; 5-Iodo-4-methvl-2-trimethvlacetvlaminopvridine 

30 A mixture of 5-amino-4-methyl-2- 

trimethylacetylaminopyridine (1.0 g, 4.82 mmol) in 34 mL of 
diiodomethane containing isoamyl nitrite (4.0 mL, 29.77 mmol) was 
heated at 85 C for 0.5 h, cooled to room temperature and evaporated at 
60 °C under high vacuum to give a red semi-solid. The crude material 
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was subjected to flash chromatography using 10% ether / hexane as 
eluant to give the title compound. 

lH NMR (400 MHz, CDCI3): 5 1.30 (s,9H); 2.40 (s,3H); 7.90 (b,lH); 
5 8.22 (s,lH); 8.45 (s,lH) 

Step D: 5>Ethvnvl-4-methvl-2-trimethvlacetvlaminopvridine 

To a mixture of 5-iodo-4-methyl-2- 
10 trimethylacetylaminopyridine (176 mg, 0.55 mmol) in tetrahydrofuran 
(0.60 ml), triethyamine (3.32 ml), 

bis(triphenylphosphine)palladium(II)chloride (4 mg), copper (I) iodide 
(1.1 mg) and (trimethylsilyl)acetylene (117 ul, 0.83 mmol) were added. 
The mixture was stirred at room temperature for 3 h. The mixture was 

15 diluted with chloroform (50 mL) , dried (Na2S04), and evaporated to 
give a tan solid. The crude solid was dissolved in methanol (5 mL), 
treated with IN potassium hydroxide (0.61 mL) and stirred at room 
temperature 18 h. The mixture was evaporated to dryness, taken up in 
chloroform (50 mL), dried (Na2S04), and evaporated to give a solid. The 

20 product was purified by flash chromatography using 10% ethyl acetate / 
hexane to yield the title compound. 

lH NMR (400MHz, CD3OD): 6 1.30 (s,9H); 2.45 (s,3H); 3.85 (s,lH); 
8.02 (s,lH); 8.30 (s,lH) 

25 

Mass spectrum m/e = 217 (M+l). 

Step E; 5-Ethyl^mgthyl-2-trimeft^^ 

30 A solution of 5-ethynyl-4-methyl-2- 

trimethylacetylaminopyridine (115 mg, 0.53 mmol) in ethyl acetate (2 
mL) containing 10% palladium / carbon (20 mg) was hydrogenated at 
atmospheric pressure for 15 minutes. The catalyst was removed by 
filtration through a Millex-HV 0.45 urn Filter Unit and the filtrate was 
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concentrated. Purification was achieved by flash chromatography using 
10% ethyl acetate / hexane to give the title compound. 

lH NMR (400MHz, CD3OD): 5 1.20 (t,3H); 1.30 (s,9H); 2.34 (s,3H); 
5 2.65 (q,2H); 7.84 (s,lH); 8.02 (s,lH) 

Mass spectrum: m/e = 221 (M+l). 

Step F: 5-Eth y1-4-methv1-2-aminopvridine 

10 

A solution of 5-ethyl-4-methyl-2- 
trimethylacetylaminopyridine (192 mg, 0.87 mmol) in 2N hydrochloric 
acid (3 mL) was refluxed at 100° for 18 h. The mixture was diluted with 
water (10 mL) and washed with ether. The aqueous layer was made basic 
15 with 10% sodium carbonate and extracted with ethyl acetate. The EtOAc 
layer was dried (Na2S04) and evaporated to give the title compound. 

lH NMR (400 MHz, CD3OD): 8 1.14 (t,3H); 2.20 (s,3H); 2.50 (q,2H); 
6.42 (s,lH); 7.60 (s,3H) 

20 

Mass spectrum: m/e =136 (M+). 

Step G: 5-Ethvl-2-imino-4-methvl-piperidine. acetic acid salt 

25 A solution of 5-ethyl^methyl-2-arninopyridine (42 mg, 

0.31mmol) in acetic acid (1 mL) containing platinum oxide (25 mg) was 
hydrogenated at 40 psi for 6 h. The catalyst was removed by filtration 
through a Millex-HV 0.45um Filter Unit and the filtrate was evaporated 
to give the title compound. 

30 

lH NMR (400MHz, CD3OD): 5 0.97 (m,6H); 1.35-3.50 (m,5H); 2.63- 
3.50 (m,3H) 



Mass spectrum m/e = 141 (M+l). 
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KY AMPLE 86 




NH HOAc 



2-TTnino-4-methvl-S-(l-pentvn -piperidine. acetic acid salt 

Step A: 5-n-Pentvnvn-4- T ne-rhv1-2-trimethvlacetvlamin0PVridine 

10 

The above compound was prepared in a similar fashion as 
Example 85, Step D t but substituting 1-pentyne in place of 
(trimethylsilyl)acetylene to yield the title compound. 

15 lH NMR (400 MHz, CD3OD): 5 1 .08 (t,3H); 1 .30 (s,9H); 1 .65 (q,2H); 
2.40 (s,3H); 2.45 (t,2H); 7.98 (s,lH); 8.20 (s,lH) 

Step B: 5-fl-PentvlV 4-methvl-2-tnmethvlacetv1arninoDVridine 

20 A solution of 5-(l-pentynyl)-4-methyl-2- 

trimemylacetylaminopyridine (225 mg, 0.87 mmol) in ethyl acetate (4.5 
ml) containing platinum oxide (45 mg) was hydrogenated at atmospheric 
pressure for 1 .5 h. The catalyst was removed by filtration through a 
Millex-HV 0.45um Filter Unit. Evaporation of the filtrate gave the title 

25 compound. 

lH NMR (400 MHz, CD3OD): 8 0.95 (t,3H); 1.33(s,9H); 1.40 (m,4H); 
1.60 (m,2H); 2.35 (s,3H); 2.63 (m,2H); 7.84 (s,lH); 8.00 (s,lH) 



30 Mass spectrum m/e = 263 (M+l). 

Step C: 5-n-Pentvn -4-methvl-2-flminopyridine 
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A suspension of 5-(l-pentyl)-4-methyl- 
2-trime%lacetylamino-pyridine (233 mg, 0.89 mmol) in 2N 
hydrochloric acid (3 mL) was heated at 100 °C for 18 h. The solution was 
5 cooled to room temperature, made basic with 20% aqueous sodium 
carbonate and extracted with chloroform. The organic layer was dried 
(Na2S04), and evaporated. The product was purified by flash 
chromatography using 2% methanol / methylene chloride to give the title 
compound. 

10 

*H NMR (400MHz, CD3OD): 8 0.90 (t,3H); 1.35 (s,4H); 1.50 (m,2H); 
2.20 (s,3H); 2.45 (m,2H); 6.40 (s.lH); 7.58 (s.lH) 

Mass spectrum m/e =179 (M+l). 

15 

Step P; Z-yminO^-methvl-S-ri-nentvn-nineridiriP a cetic acid salt 

The above compound was prepared in a similar fashion as 
Example 85, Step G, but substituting 5-(l-pentyl)-4-methyl-2- 
20 aminopyridine in place of 5-emyl-4-memyl-2-airmiopyridine to yield the 
title compound. 

lH NMR (400MHz, CD3OD): 8 0.93 (m,6H); 1.50-1.76 (m,4H); 2.10- 
2.43 (m,4H); 2.65-2.80 (m,2H); 2.95-3.15 (m,2H); 3.35-3.50 (m,2H) 
25 Mass spectrum: m/e =183 (M+l). 



EXAMPLE 87 



p NH HCI 
4aO-Meftv1-2-irmnopiperidine HwWblffl-jjfr 
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Step A: Methv l (RVcitronellate 

Diazomethane in ether was cautiously added to a solution of 
5 (R)-citronellic acid (17.2 g, 0.1 M) in ether at 0° C until yellow color 
persisted. After the addition was complete, the reaction mixture was 
stirred 30 mins and the solvent was removed in vacuo to give the 
quantitative yield of the desired methyl ester as a colorless oil. 

10 lH NMR (CDC13): 0.92(d,3H); 1.2(m,lH); 1.32(m,lH); 1.58(s,3H); 
1.65(s,3H); 1.95(m,2H); 2.1(q,lH); 2.4(q,lH); 3.64(s,3H); 5.06(UH) 

StenB: Methvl 3fRVmethvl-5-hvdroxvcarbonvlpentanoate 

15 A stream of 4% ozone in oxygen was passed through a 

solution of methyl (R)-citronellate (7 g, 39 mmol) in 140 mL of glacial 
acetic acid at room temperature for 45 mins. 14 mL of 30% hydrogen 
peroxide was then added and the reaction mixture was heated to reflux 2 
hrs. Solvent was removed in vacuo to afford 6.5 g of the desired acid as a 

20 colorless oil. 

lH NMR (CDCI3): 0.94(d,3H); L52(m,lH); 1.69(m,lH); 1.98(m,lH); 
2.15(q,lH); 2.3(q,lH); 2.36(m,2H) 

25 Step C; Methvl 3QO-methvl-5-benzyloxvcarbonvlamino pentanoate 

Diphenyl phosphoryl azide (5.3 mL, 24.53 mmol) was added 
to a mixture of methyl 3(R>methyl-5-hydroxycarbonyl pentanoate (3.88 
g, 22.3 mmol) and triethylamine (3.45 mL, 24.53 mmol) in 22 mL of p- 
30 xylene. The mixture was then stirred 1 hr at 80° C. 4.5 mL (45 mmol) of 
benzyl alcohol was then added and the mixture was heated at reflux for 4 
hr. The reaction miture was cooled, diluted with ethyl acetate and 
washed with water, and sodium chloride and dried over ahydrous 
magnesium sulfate. Solvent removal gave a crude product, which was 
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purified on silica gel using 10% ethyl acetate in hexane as solvent to 
afford 3.9 g of the desired carbamate as an oil. 

lH NMR (CDC13): 0.95(d,3H); 1.4(m,lH); 1.62(m,lH); 2.02(m,lH); 
5 2.18(q,lH); 2.3(q,lH); 3.22(m,2H); 3.65(s,3H); 5.07(s,2H); 7.3(m,5H) 

fft^ P r> ^rRVMethvl- 5 -HpnTvioxvcarhonvlaminopentano^c acid 

A 2N sodium hydroxide (7.5 ml, 15 mmol) solution was 

10 added to 3.9 g (14 mmol) of methyl 3R-methyl-5- 

benzyloxycarbonylamino pentanoate in 70 mL of 2: 1 mixture of 
methanohwater. This mixture was then heated 1 hi- at 60° C and 7.5 mL 
of 2N hydrochloric acid was added after cooling. Most of the volatiles 
were removed in vacuo. The remaining mixture was extracted with ethyl 

15 acetate. The combined ethyl acetate extracts were dried over anhydrous 
magnesium sulfate. Solvent removal afforded 2.9 g of the desired acid 
as an oil. 

lH NMR (CDC13): 0.98 (d,3H); 1.42(m,lH); 1.56(m,lH); 2.02(m,lH); 
20 2.2(m,lH); 2.35(m,lH); 3.2(m,2H); 5.08(s,2H); 7.3(m,5H) 

Step E: 4fRVMethvl-l-be n7.v1oxvcarbnnv1-2-piperidone 

Ethyl chloroformate (1.92 mL, 20 mmol) was added 
25 dropwise to a solution of 3(R)-memyl-5-beiizyloxycaibonylainino 

pentanoic acid (2.65 g, 10 mmol) and triethyl arnine (2.8 mL, 20 mmol) 
in 50 mL of ethyl acetate at 0° C. After stirring 1 hr at room temperature, 
the solids formed were filtered and washed with ethyl acetate. The 
filtrate was concentrated to give an oil which was taken up in 45 mL of 
30 toluene. This solution was heated to reflux for 4 nr. Solvent was then 
removed in vacuo and the residue was purified on silica gel using 20% 
ethyl acetate in hexane as solvent to give 1.39 g of the desired lactam as 
an oil. 
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lH NMR (CDC13): 1.02(d,3H); 1.44(m,lH); 2.0(m,3H); 3.62(q,lH); 
3.55(q,lH); 3.88(q,lH); 5.28(2H); 7.35(m,5H) 

fitrp F; 4n^-Methvl-2-piperidone 

5 

10% Palladium hydroxide on carbon (350 mg) was added to 
a solution of 4(R)-Methyl-l-benzyloxycarbonyl-2-piperidone (1.3 g) in 
20 mL of methanol and the mixture was hydrogenated on Parr shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
10 washed with methanol. The filtrate was concentrated to give 700 mg of 
the crude product which was purified on silica gel using 5% methanol in 
ethyl acetate as solvent to give 510 mg of the desired lactam as a white 
solid. 

15 lH NMR (DMSO): 0.92 (d,3H); 1.26 (m,lH); 1.75(m,3H); 2.18(q,lH); 
3.12 (m,2H) 

Step fi: 4fRVMethvl -2-imino pioeridine hydrochloride 

20 The title compound was prepared from 4R-methyl-2- 

piperidone as described in Examples 2 and 3. 

lH NMR (DMSO): 0.96(d,3H); 1.25(m,lH); 1.75(m,lH); 1.85(m,lH); 
2.15(q,lH); 2.55(q,lH0; 3.24(m,lH); 3.34(m,lH); 8.28(b,lH); 
25 8.62(b,lH); 9.35(b,lH) 



EXAMPLE 88 
CH3 

^*N^NH HCI 
30 H 

4rSV.Methvl-2-iminopiperidi ne hydrochloride 
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The title compound was synthesized according to the 
procedure of Example 87 starting with (S)-citronellic acid. 



FY AMPLE 89 



10 SraiMethvl -2-iminopipeririing hydrochloride 

Step A: 2fR\6-Dim ethv1-l-benzvloxvcarbonvlamino-5-hePtene 

Diphenylphosphoryl azide (14 mL, 65 mmol) was added 
15 dropwise to a solution of (R)-citronellic acid (lOg, 59 mmol) and 

triethylamine (9.1 mL, 65mmol) in 60 mL of toluene. The mixture was 
heated for 1 hr at 80° C. 12 mL (120 mmol) of benzyl alcohol was added 
and the mixture was heated to reflux for 4 hrs. The reaction mixture was 
cooled, diluted with ethyl acetate and washed with water, saturated 
20 sodium chloride solution. After drying over anhydrous magnesium 

sulfate, the solvent was removed in vacuo to give a crude product which 
was purified on silica gel using 5% ethyl acetate in hexane as solvent to 
afford 9.8 g of the desired carbamate as a thick oil. 

25 lH NMR (CDC13): 0.89(d,3H); 1.13(m,lH); 1.35(m,lH); 1.5(m,lH); 
1.6(m,lH); 1.58(s,3H); 1.66(s,3H); 1.98(m,lH); 3.0(m,lH); 3.14(m,lH); 
5.06(m,lH); 5.08(s,2H); 7.35(m,5H) 

Step R: 5fRVMethv1-l-henzvloxvcarbonvl-2-piperidQne 

30 

Ozone in oxygen (4%) was passed through a solution of 2- 
(R),6-dimemyl-l-benzyloxycarix>nylamino-5-heptene (9.8 g) in 150 mL 
of methylene chloride at -78° C until the blue color persisted. Nitrogen 
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was then bubbled for 15 mins. 16 mL of dimethyl sulfide was added and 
the mixture was stirred 1 hr as it wanned to room temperature and then 
concentrated to give a residual oil. This was taken up in 100 mL of 
acetone and cooled in ice bath. Jones reagent was added dropwise until 
5 orange color was sustained. After stirring 30 mis, 4 mL of isoprpopyl 
alcohol was added and the mixture was stirred for an additional 15 mins. 
Solvent was then removed in vacuo and the residue was stirred with 
water and ethyl acetate. The organic phase was separated and the 
aqueous phase was extracted with ethyl acetate. The combined ethyl 
10 acetate extracts were dried over anhydrous magnesium sulfate and the 
solvent was removed in vacuo. The resulting residue was purified on 
silica gel using first 10% ethyl acetate in hexane as solvent to give 2.0 g 
of 5(R)-methyl-l-benzyloxycarbonyl-2-piperidone as an oil. 

15 lH NMR (CDCI3): 1.02(d,3H); 1.45(m,lH); 1.87(m,lH); 1.94(m,lH); 
2.54(m,2H); 3.16(q,lH); 3.88(q,lH); 5.26(s,2H); 7.36(m,5H) 

Further elution of the column with 1% methanol in ethyl 
acetate gave 5.8 g of 3(R)-methyl-N-(benzyloxycarbonyl)-N-formyl-4- 
20 aminobutanoic acid as a thick oil, which can be utilized in the synthesis 
of 4-(R)-2-imino-4-methylpyrrolidne. 

StspC; 5(R)-Mgthyl-2-pipgridQng 

25 10% Palladium hydroxide on carbon (700 mg) was added to 

a solution of 4(R)-methyl-l-benzyloxycarbonyl-2-piperidone (2.0 g) in 
40 mL of methanol and the mixture was hydrogenated on Parr shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
washed with methanol. The filtrate was concentrated to give 1.4 g of the 

30 crude product, which was purified on silica gel using 5% methanol in 
ethyl acetate as solvent to give 1 g of the desired lactam as a white solid. 



lH NMR (CDCI3): 1.0(d,3H); 1.45(m,lH); 2.86(m,2H); 2.38(m,2H); 
2.9(q,lH); 3.3(q,lH)6.6(b,lH) 
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St ft p Dt 5raiMethv1-3-iminopiperidine hydrochloride 

The title compound was synthesized from 5(R)-methyl-2- 
5 piperidone according to the procedure described in Examples 2 and 3. 

lH NMR (DMSO): 0.93(d,3H); 1.34(m,lH); 1.76(m,2H); 2.54(q,2H); 
2.8(q,lH); 3.32(m,lH); 8.35(b,lH); 8.68(b,lH); 9.42(b,lH). 

10 

EXAMPLE 90 
^J^^NH HCI 

15 ' 5rSVMethv1-2-iminopiperidine hydrochloride 

The title compound was prepared by the method of example 89 
starting with (S)-citronellic acid. 



20 



EXAMPLE 91 
CH3 



CH3 



^"^NH HCI 



25 4(S>.5fRVDi methvl-2-imino-piperidine hydrochloride; 

Step ArfSVCitronellovl chloride 

Oxalyl chloride (8.1 mL, 92 mmol) of was added to 14.4 g 
30 (83.75 mmol) of (S)-Citronellic acid in 1 50 mL of methylene chloride at 
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0 °C. 12.9 mL (92 mmol) of triethylamine was then added dropwise 
cautiously so that the gases evolved can be vented effectively. After the 
addition was complete, the mixture was stirred 1 hour at the same 
temperature. After dilution with 300* mL of ether, the solids precipitated 
5 were filtered and washed with ether. The filtrate was concentrated to 
give a brown liquid. This was dissolved in ether and the small amount of 
solid was filtered and washed with ether. The filtrate was concentrated in 
vacuo to give almost quantitative yield of the desired acid chloride as 
brown oil. 

10 

lH NMR (CDC13): 1.0(d, 3H); 1.58(s,3H); 1.68(s,3H); 2.66 & 2.88(2q; 
2H); 5.05(t,lH) 

Rt ft p B- V3(SV7-Dimet hv1-6-nctenoviy4fR Vphenvlmethvl-2- 
15 oxazolidinone 

A 1.6M solution of n-butyllithium (52 mL, 83 mmol) was 
added dropwise to a solution of 4R-phenylmethyl-2-oxazohdmone 
(13.3g, 75 mmol) in 150 mL of THF at -78 °C. The reaction mixture was 

20 stirred for 15 min after the addition and a solution of the above S- 
citronelloyl chloride in 50 mL of THF was added dropwise and the 
mixture was stirred for 15 min at that temperature. The cooling bath was 
removed and the mixture was allowed to warm to room tempoerature and 
stirred 1 hr at room temperature. After quenching with saturated 

25 ammonium chloride solution, the reaction mixture was partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed with saturated sodium chloride solution and dried 
over anhydrous magnesium sulfate. Solvent removal gave an oil which 
was chromatographed on silica gel using 10% ethyl acetate in hexane as 

30 solvent to give the title compound in 65% yield. 



1HNMR(CDC13): 1.0(d,3H); 1.6(s,3H); 1.66(s,3H); 2.74(q,lH); 
2.85(m;2H); 3.3(q,lH); 4.15(m,2H); 4.66(m,lH); 5.08(t,lH); 7.28(m,5H) 
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Step C: 3(2(RV3(S17-Trimeth^^ 
oxazolidinone 

55 mL (55 mmol) of 1M solution of sodium 
5 bis(trimethylsilyl)amide in THF was added dropwise to a solution of 15 g 
(45.4 mmol) of 3(3(S)J-dimethyl-6-octenoyl)-4(R)-phenylmethyl-2- 
oxazolidinone in 120 mL of THF at -78 °C. The reaction mixture was 
stirred 30 mins at that temperature and 21 mL (333 mmol) of methyl 
iodide in 20 mL of THF was added dropwise. The resulting mixture was 

10 stirred 1 day at -78 °C. After warming to room temperature, the reacton 
mixture was quenched with ammonium chloride solution and partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed with sodium thiosulfate solution, saturated sodium 
bicarbonate solution, brine and dried over anhydrous magnesium sulfate. 

15 Solvent removal afforded essentailly pure desired methylated 
oxazolidinone derivative in quantitative yield. 

lHNMR(CDQ3): 0.88(d, 2H); 1.13(d,3H); 1.58(s f 3H); 1.66(s,3H); 
2.75(q,lH); 3.26(q,lH); 3.68(m,lH); 4.15(m,2H); 4.63(m,lH); 
20 5.08(UH)7.25(m,5H) 

Step D: 2fR\3fSV7-Trimethvl>6-octen-l-ol 



A solution of 6.8 g (20 mmol) of 3(2(R),3(S),7-trimethyl-6- 
25 octenoyl)-4(R)-phenylmethyl-2-oxazolidinone in 30 mL of THF was 
added dropwise to a suspension of L634 g (43 mmol) of lithium 
aluminum hydride in 40 mL of THF at 0 °C. The reaction mixture was 
then stirred 6 h at ambient temperature The reaction mixture was then 
recooled in ice bath and 5 mL of methanol was added dropwise very 
30 cautiously. After the effervescence subsided, the reaction mixture was 
concentrated to about 30% of the original volume The reaction mixture 
was then stirred with saturated solution of potassium sodium tartrate and 
extracted with ethyl acetate. The combined ethyl acetate extracts were 
dried over anhydrous magnesium sulfate. Solvent removal afforded a 
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crude oil, which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 2.0 g (62%) of the desired alcohol as a colorless 
oil. 

5 lH NMR (CDC13): 0.78(d\ 2H); 0.79(d,2H);1.6(s,3H); 1.66(s,3H); 
3.44(q,lH); 3.54(q,lH); 5.1(t,lH) 

Step E: 2fRV3fSV7-Trimethvl-6-octen -1-inethanesulfonate 

10 To a solution of 510 mg (3 mmol) of 2(R),3(S),7-trimethyl- 

6-octen-l-ol in 3 mL of pyridine at ice bath temperature 0.7 mL (9 mmol) 
of methanesulfonyl chloride was dropwise added. The mixture was then 
stirred for 8 hrs at room temperature. After diluting with ethyl acetate, 
the reaction mixture was washed with saturated sodium bicarbonate, IN 

15 citric acid and water. After drying over anhydrous magnesium sulfate, the 
solvent was removed to give 722 mg of the desired mesylate as a yellow 
oil. 

lH NMR (CDC13): 0.8(d,3H); 0.87(d,3H); 1 .6(s,3H); 1.67(s,3H); 
20 2.98(s,3H); 4.02(q,lH); 4.13(q,lH); 5.06(t,lH) 

Step F: 2rR^ 3rSy7-Trimethyl-l-a2ido-6-octene 

975 mg (15 mmol) of sodium azide was added to a solution 
25 of 2(R),3(S),7-rrimethyl-6-octen- 1-methane sulfonate (720 mg, -3 mmol) 
in 6 mL of N,N-dimethylformamide and the mixture was heated 
overnight at 80° C. The reaction mixture was diluted with ethyl acetate 
and washed several times with saturated sodium chloride solution. After 
drying over anhydrous magnesium sulfate, the solvents were removed in 
30 vacuo to give crude azide as an oil. This material was purified on silica 
gel using 30% ether in hexane as solvent to give 545 mg of the desired 
azide as a colorless oil. 
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*H NMR (CDCI3): 0.78(d\3H); 0.84(d,3H); 1.59(s,3H); 1.66(s,3H); 
3.1(q,lH); 3.21(q,3H); 5.07(t,lH) 

stpp a- ?.niv^rsv7-Triinfi > hY l - 1 - Mn ^ n - 6 - octene 

5 

6.3 mL (6.3 mmol) of 1M lithium aluminum hydride in THF 
was added dropwise to a solution of 2(R),3(S),7-trimethyl-l-azido-6- 
octene in 10 mL of THF at 0° C. The reaction mixture was heated to 
reflux 18 hrs. After cooling in ice bath, ~ 1 mL of methanol was added 

10 dropwise cautiously. After the effervescence stopped, the reaction 
mixture was concentrated to 30% of the volume and IN solution of 
potassium sodium tartrate was added. After stirring 15 mins, the reaction 
mixture was extracted with ethyl acetate. The combined ethyl acetate 
layers were dried over anhydrous magnesium sulfate and the solvent was 

15 removed to give 399 mg of the desired amine as an oil. 

lH NMR (CDCI3): 0.76(d,3H); 0.78(d,3H); 1.60(s,3H); 1.67(s,3H); 
2.49(q.lH); 2.62(q,lH); 5.1(t,lH) 

20 Step H: 2fRV 3fSV7-Trimethvl-1-henzvloxvcarbonvlamino-6-octene 

Separate solutions of 2(R),3(S),7-trimemyl-l-amino-6- 
octene (0.87 g, 5.2 mmol) in 8 mL of dioxane, and benzyl chloroformate 
(0.86 mL, ~6 mmol) in 8 mL of dioxane were added dropwise 

25 simultaneously to a stirred solution of 1 .05 g (10.5 mmol) of potassium 
hydrogen carbonate in 20 mL of water at 0°C. After the additions, the 
mixture was stirred 8 hrs at room temperature. Most of the volatile 
solvents were removed in vacuo. The remaining reaction mixture was 
extracted with ethyl acetate. The combined organic phases were dried 

30 over anhydrous magnesium sulfate. Solvent removal gave the crude 
product which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 1.4 g of the desired carbamate as a colorless oil. 
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lH NMR (CDC13): 0.77(d,6H); 1.18(m,lH); 1.3(m,lH); 1.5(m,lH); 
1.6(s,3H); 1.66(s,3H); 1.95(m,2H); 3.04(m,lH); 1.12(m,lH); 4.7(b,lH); 
5.08(s & m,3H)7.34(m,5H) 

5 Step I: 4fS).5fRVDimethv1-6-henzv1ox vcarbonvlamino-hexan-l-al 

A stream of 4% ozone in oxygen was bubbled through a 
solution of 1.79 g (-6 mmol) of 2(R),3(S) J-trimethyl-1- 
benzyloxycarbonylamino-6-octene in 25 mL of methylene chloride at 

10 -78° C until blue color persisted. Nitrogen gas was bubbled through the 
reaction mixture at the same temperature for 15 min. 3 mL of dimethyl 
sulfide was added and the mixture was stirred 15 mins and then warmed 
to 0° C. The solvents and other volatile materials were removed under 
house vacuum. Traces of solvent were then removed in vacuo to give 1.3 

15 g of the desired aldehyde as a thick oil. 

lH NMR (CDCI3): 0.8(2d,6H); 1.48 & 1.54(m,4H); 2.42(m,2H); 
3.04(m,lH); 3.14(m,lH); 5.08(s,2H); 7.34(m,5H); 9.74(s,lH) 

20 Step J: 3(R).4fSVDimethv1 -1-henzv1oxvcaTbonvl-2.3.4.5-tetrahvdro- 
azepine 

A mixture of 1.2 g (-4.2 mmol) of 4(S),5(R)-dimethyl-6- 
benzyloxycarbonylamino-hexan-l-al, 1.26 mL (13.2 mmol) of acetic 
25 anhydride and 120 mg (1.2 mmol) of potassium acetate was heated at 160 
°C for 2 hours . Excess acetic anhydride was removed in vacuo and the 
residue was purified on silica gel using 20% ethyl acetate in hexane as 
solvent to give -190 mg of the desired azepine derivative as an oil. 

30 lH NMR (CDCI3): 0.95 & 1.0 (2d,6H); 2.0(m,lH); 2.17(m,lH); 

3.64(m,lH); 3.74(m,lH); 4.9(m,lH); 5.1(s,2H); 6.6(m,lH); 7.35(m.lH) 

Step K: 3rS\4fRVDimemvl-6^aienzvloxvcarbonvnfonnimido-l- 

pentaiiQic acid 



WO 96/14844 



PCT/US95/14812 



- 128- 



A stream of 4% ozone in oxygen was bubbled through a 
solution of 130 mg (0.5 mmol) of 3(R),4(S)-dimethyl-l- 
benzyloxycarbonyl-2,3,4,5-tetrahydroazepine in 5 mL of glacial acetic 
5 acid at room temperature for 10 mins. 0.3 mL of 30% hydrogen peroxide 
was added and the mixture was heated to reflux 2 hrs. The solvent was 
removed and the traces were azeotroped with toluene to give 100 mg of 
the desired acid as a thick oil. 

10 lH NMR (CDC13): 0.76(d,3H); 0.87(d,3H); 1.9(m,lH); 2.0(m,lH); 
2.18(q,lH); 2.32(q,lH); 3.5(q,lH); 3.6(q,lH); 5.28(s,2H); 7.37(m,5H); 
9.26(s,lH) 

ffop T • ^rsV4fRVDi n i ft thvl.6-benzvloxvcarbonvlamirio-l-peqtan9ic 
15 acid 

A solution of 2N sodium hydroxide (0.4 mL, 0.8 mmol) was 
added to a solution of 90 mg (0.3 mmol) of 3(S),4(R)-dimethyl-6- 
(benzyloxycarbonyl)formamido-l-pentanoic acid in a mixture of 2 mL of 
20 methanol and 1 mL of water. This mixture was heated 2 hrs at 60° C. 
The reaction mixture was cooled and 0.4 mL of 2N hydrochloric acid was 
added. Solvents were removed and the residue was extracted with ethyl 
acetate. The organic layer was dried over anhydrous magnesium sulfate 
and the solvent removal afforded 62 mg of the desired acid as an oil. 

lH NMR (CDQ3): 0.82(d\3H); 0.88(d,3H); 1.68(m,lH); 2.08(m,lH); 
2.2(m.lH); 2.35(m,lH); 3.1(m,2H); 5.1(2H); 7.3(m,5H) 

St«p M- 4fSV5fRVDi m ft tbv1-2-nineridone 

Ethyl chloroformate (0.048 mL, 0.5 mmol) was added to a 
solution of 3(S),4(R)-dimemyl-6-benzyloxycarbonylamino-l-pentanoic 
acid (62 mg, 0.25 mmol) and triethylamine (0.07 mL, 0.5 mmol) in 2 mL 
of ethyl acetate cooled in ice bath. After stirring 1 hr, the solids were 



25 



30 
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filtered and washed with ethyl acetate. The filtrate was concentrated to 
give the carbonate as oil. 2 mL of toluene was added to this resiue and 
heated to reflux 5 hrs. The solvent was then removed in vacuo to give the 
N-protected lactam as oil. 25 mg of palladium hydroxide was added to a 
solution of the above residue in 2 mL of methanol and the mixture was 
hydrogenated 4 hrs on a Parr shaker. The catalyst was filtered and 
washed with methanol. The filtrate was concentrated to give 31 mg of 
the desired lactam as a waxy solid. 

lH NMR (CDC13): 0.95(d,3H); 0.97(d,3H); 1.54(m,2H); 1.98(m,lH); 
2.44(m,lH); 2.9(m,lH); 3.25(m,lH). 

Step N: 4(SrsraUftimem y1-%i™inopipffridine hydrochloride 

The title compound was prepared from 4(S),5(R)-Dimethyi- 
2-piperidone according to the procedure described in examples 2 and 3. 

lH NMR (DMSO): 0.89(d,3H); 0.93(d,3H); 1.50(m,2H); 2.20(m,lH); 
2.55(m,lH); 2.83(m,lH); 8.3(b,lH); 8.65(b,lH); 9.40(b,lH) 

Specific rotation = +62.8° (c=0.21, EtOH) 

FX AMPLE 92 

^pj^NH HCI 

4mvS(SVDim e thvl-2-irnino-nineridine hydrochloride; 



The title compound is prepared according to the procedure 
) of Example 89 starting with (R)-citronellic acid and 4(S)-phenylmethyl- 
2-oxazolidinone. 
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Specific rotation = -65.2° (c=0.21, EtOH) 

FY AMPLE 93 

5 

CH3 

^"SviH HCI 

4(SVSfSVDiiri ethv1-2-imino-nineridine hydrochloride: 

10 The title compound is prepared according to the procedure 

of Example 91 starting with (S)-citronellic acid and 4(S)-phenylmethyl-2- 
oxazolidinone. 

lH NMR (DMSO): 0.84(d,3H); 0.86(d,3H); 1.98(m,lH); 2.26(m,lH); 
15 2.64(m,lH); 2.98(m,lH); 7.25(b,lH); 8.25(b,lH); 8.64(b,lH) 

Specific rotation = -23© (c=0.2, EtOH) 

20 EXAMPLE 94 

CH3 



CH3/, 



pi NH HCI 



4fRV5rRVDimethvl-2-imino-piperidine hydrochloride; 

25 

The title compound is prepared according to the procedure 
of Example 91 starting with (R)-citronellic acid and 4(R)-phenylmethyl- 
2-oxazolidinone. 
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Specific rotation = +25° (c=0.22, EtOH) 

F Y AMPLE 95 




NH HC! 



2-Imino-5fSV methoxv-4fSVmethvl-piDeridine hydrochloride. 

10 

Step A: 5-0-fgrt-Butv 1dim e thvlsilv1-2.3-dideoxv-D-p/vrgr^pent-2-gnP- 
1.4-lactone 

To a solution of 2,3-dideoxy-D-^/ycero-pent-2-eno-l,4- 
15 lactone (580 mg, 5.08 mmol) in dry N^-dimethylformamide (DMF) (7 
mL) were added triethylamine (1.06 mL, 7.60 mmol) and 
4-dimemylaniinopyridine (63 mg, 0.51 mmol). The reaction mixture was 
cooled in an ice-bath, and ferr-butyldimethylsilyl chloride (1.02 g, 6.77 
mmol) was added. The mixture was allowed to attain room temperature 
20 and stirred an additional 3 hours. The mixture was then diluted with 

diethyl ether, washed with water, 2N hydrochloric acid, saturated sodium 
bicarbonate solution, saturated brine solution, dried (Na2S04), and 
evaporated. This procedure was repeated with 600 mg (5.26 mmol) of 
2,3-dideoxy-D-g/ycero-pent-2-eno-l,4-lactone. The two runs were 
25 combined after workup, and the product was purified by flash 

chromatography eluting with 15% acetone in hexane. The resulting oil 
crystallized upon standing; yield 1.65 g (70%). 



lH NMR (400 MHz, CDCI3): 5 0.03 (s, 3H), 0.05 (s, 3H), 0.85 (s, 9H), 
30 3.78 (dd, 1H), 3.91 (dd, 1H), 5.03 (m, 1H), 6.14 (dd, 1H), 7.48 (dd, 1H). 
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Step B: 2.3-Dideoxy-3-C-meth vl-5-Q^^ 
pentono-1.4-lactone 

To a vigorously stirred suspension of copper(I) bromide- 
5 dimethyl sulfide complex (7.42 g, 36.1 mmol) in diethyl ether (80 mL) 
was added methyllithium (51 mL of a 1.4M solution in hexane, 71.4 
mmol) over 5-6 minutes. The resulting solution was cooled to -23°C 
(CCl4/dry ice bath), and a solution of 5-0-tert-butyldimethylsilyl-2,3- 
dideoxy-D-g/ycero-pent-2-eno-l,4-lactone (1-65 g, 7.22 mmol) was 

10 added in one portion. The suspension was stirred at -23°C for 20 minutes 
and quenched by the cautious addition of saturated aqueous ammonium 
chloride (39 mL). The mixture was transferred to a separatory funnel and 
shaken vigorously to break down excess reagent. The organic layer was 
washed with saturated brine solution, dried (MgS04), and evaporated. 

15 The product was purified by flash silica gel chromatography eluting 
initially with 5% ethyl acetate in hexane and subsequently with 10% 
ethyl acetate in hexane; yield 1.42 g (80%). 

lH NMR (400 MHz, CDCI3): 8 0.04 (s,3H), 0.06 (s, 3H), 0.88 (s, 9H), 
20 L16 (d, 3H), 2.1 1 (dd, 1H), 2.52 (m, 1H), 2.77 (m, 1H), 3.71 (dd, 1H), 
3.82 (dd, 1H),4.08 (m, 1H). 

Step C: 2.3-Dideoxv-3-C-methvl-D-grvrfer^pentono*L4-lactone 

25 2,3-Dideoxy-3-C-methyl-5-0-terf«butyldimethylsilyl-D- 
£ryf/tro-pentono-l,4-lactone (1.4 g, 6.13 mmol) was treated with tetra-n- 
butylammonium fluoride (8.7 mL of a 1.0M solution in tetrahydrofiiran, 
8.7 mmol) for 90 minutes at room temperature. The reaction mixture was 
evaporated, and the crude product subjected to flash silica gel 

30 chromatography eluting initially with 15% acetone in hexane and 
subsequently with 25% acetone in hexane. Pure title compound was 
obtained as an oil; yield 710 mg (89%). 
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lH NMR (400 MHz, CDC13): 6 1.16 (d, 3H), 2.21 (dd, 1H), 2.50 (m, 
lH),2.72(dd,lH). 

STEP TV s-A 7 idn-2.3.5- tTiH e oxv-3-C-methv1-D-grv^r<?-Pgnt9no-1.4- 
5 lactone 

To a solution of 2,3-dideoxy-3-C-methyl-D-eryr/iro- 
pentono-l,4-lactone (490 mg, 3.76 mmol) in methylene chloride (10 mL) 
cooled in an ice-bath were added 2,6-lutidine (501 mL, 4.30 mmol) and 

0 trifluoromethanesulfonic anhydride (682 mL, 4.05 mmol). The reaction 
mixture was stirred at 0°C for 30 minutes, diluted with methylene 
chloride, washed with water, 2N hydrochloric acid, saturated sodium 
hydrogen carbonate solution, saturated brine solution, dried (Na2S04), 
and evaporated. The crude product was taken up in DMF (6 mL) and 

5 treated with sodium azide (856 mg, 13.2 mmol) at room temperature for 
30 minutes. The mixture was diluted with ethyl acetate, washed with 
water, dried (Na2S04), and evaporated. The pure title compound was 
obtained after flash chromatography eluting with 25% ethyl acetate in 
hexane; yield 358 mg (61%). 

0 

lH NMR (400 MHz, CDCI3): 8 1.15 (d, 3H), 2.21 (dd, 1H), 2.42 (m, 
1H), 2.74 (dd, 1H), 3.44 (dd, 1H), 3.60 (dd, 1H), 4.15 (m, 1H); mass 
spectrum: 128 (M+l - N2). 

5 STEP E: 5fSV Hvdroxv-4f SVmethvl-2-Diperidone 

A solution of 5-azido-2,3,5-trideoxy-3-C-memyl-D-«o*fcr<>- 
pentono-l,4-lactone (358 mg, 2.3 1 mmol) in methanol (4 mL) was 
hydrogenated under a balloon atmosphere of hydrogen gas in the 
0 presence of 10% palladium-on-charcoal (50 mg) overnight at room 

temperature. The catalyst was then removed by filtration through Celite, 
and the filter washed with methanol. The combined filtrate and washings 
were evaporated, and the resulting product crystallized upon standing; 
yield 128 mg (43%). 
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lH NMR (400 MHz, CDC13): 8 1.03 (d, 3H), 2.05 (m, 1H), 2.17-2.28 (m, 
2H), 3.27 (dd, 1H), 3.40 (dd, 1H), 3.86 (m, 1H); mass spectrum: 130 
(M+l). 

5 

ftjp p p 7-Tmino-.srs v r'' th " yv - 4(S ^- methvl| - pipcri<1inp byfrochlonde. 

To a solution of 5(S)-hydroxy-4(S)-methyl-2-piperidone 
(1 19 mg, 0.921 mmol) in methylene chloride (3 mL) was added 

10 trimethyloxonium tetrafluoroborate (285 mg, 1 .93 mmol). The reaction 
mixture was stirred for 24 hours at room temperature. Thin-layer 
chromatography (10% MeOH/CH2Cl2) indicated the formation of two 
more mobile products: the 5-methoxy-4-methyl imino-methyl ether and 
the 5-hydroxy-4-methyl imino-methyl ether. The mixture was diluted 

1 5 with ethyl acetate, washed with saturated sodium hydrogen carbonate 
solution, saturated brine solution, dried (MgS04), and carefully 
evaporated (bath temperature <15°C) to avoid loss of the volatile imino 
ethers. The crude product mixture in ethyl acetate was applied to a 
column of silica gel (packed as a slurry in 4% methanol/CH2Cl2). Rapid 

20 elution with 4% methanol/CH2Cl2 afforded the 5-methoxy-4-methyl 
imino-methyl ether (yield ~ 16.7 mg), and subsequent elution with 10% 
MeOH/CH2Cl2 afforded the 5-hydroxy-4-methyl imino-methyl ether 
(yield -13.6 mg). Evaporations of the column fractions containing 
product was performed with extreme caution to avoid loss of the volatile 

25 imino ethers. 

The 5-methoxy-4-methyl imino-methyl ether (-16.7 mg) 
was treated with ammonium chloride (4.5 mg) for 4 h in refluxing EtOH 
(2 mL). The reaction mixture was evaporated, and the resulting solid 
dried in vacuo; yield 14.3 mg. 

30 

lH NMR (400 MHz, CDCI3): 8 1.10 (d, 3H), 2.12 (m, 1H), 2.40 (dd, 
1H), 2.53 (dd, 1H), 3.40 (s, 3H), 3.52 (m, 1H), 3.67 (dd, 1H). 



Mass spectrum m/e = 143 (M+l). 
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FY AMPLE 96 



5 



HO, 




NH HCI 



2-TTnino-5(SV hvdroxv-4fSVinftthv1-piperidinehvdrochl0ridg. 

1 o The 5-hy droxy-4-methyl-imino methyl ether from Step F of 

Example 95 (-13.6 mg) was treated with ammonium chloride (4.4 mg) in 
refluxing EtOH (2 mL) for 4 h . The reaction mixture was evaporated, 
and resulting solid dried in vacuo', yield 9.5 mg. 

15 lH NMR (400 MHz, CDC13): 5 1.10 (d, 3H), 2.08 (m, 1H) ,2.47 (dd, 
1H), 2.55 (dd, 1H), 3.40 (dd, 1H), 3.50 (dd, 1H), 3.93 (m, 1H). 

Mass spectrum m/e = 129 (M+l). 



25 l-Tmino-SfSV methoxv^fRVmethvl-piperidine hydrochloride 

ste p a- 2.3-Dideox v-^-r- me thvl-5-Q-teit-butvldimethvlsilYl-P- 
^^/i-pp-ntnno-1 .4-lactone 



20 



FX AMPLE 97 




NH HCI 
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The title compound was prepared according to the method 
described by S. Hanessian and PJ. Murray for the corresponding 5-0- 
tert-butyldiphenylsilyl derivative [Tetrahedron: 43, 5055-5072, 1987]. 

5 lH NMR (400 MHz, CDC13): 6 0.04 (s, 3H); 0.05 (s, 3H); 0.87 (s, 9H); 
1.17 (d, 3H); 2.37 (dd, 1H); 2.48 (dd, 1H); 2.71 (m, 1H); 3.78 (dd, 1H); 
3.83 (dd, 1H); 4.40 (m, 1H). 

Step B: 2 ^-nideoicv-3-r -niethvl-D-rferf f>-T>entono-l .4-laCtOHP 

10 

2,3-Dideoxy-3-C-memyl-5-0-tert-butyldimethylsilyl-D-r/ireo- 
pentono-l,4-lactone (1.8 g, 7.36 mmol) was treated with tetra-n- 
butylammonium fluoride (9.8 mL of a 1 .0 M solution in tetrahydrofuran, 
9.8 mmol) for 90 minutes at room temperature. The reaction mixture was 
1 5 evaporated, and the crude product subjected to flash chromatography 
eluting with 25% acetone/hexane; yield 795 mg (83%) of a colorless oil. 

StepT; ,S-Azido-2 -3.5-trideoxv-^-r-methv1-D.y/trgr?- P entono-1.4- 

tectone 

20 

This compound was prepared in a similar manner as Step D of 
Example 95 starting with 2,3-dideoxy-3-C-methyl-D-r/ireo-pentono-l,4- 
lactone (795 mg, 6. 1 1 mmol). The title compound was obtained as an oil 
after flash chromatography eluting with 25% ethyl acetate in hexane; 
25 yield 575 mg (61%). 

lH NMR (400 MHz, CDCI3): 8 1.09 (d, 3H); 2.31 (dd, 1H); 2.66 (dd, 
1H); 3.50 (dd, 1H); 3.57 (dd, 1H); 4.54 (dd, 1H). 

30 Step D: 5 fSVHvdroxv-4rRVmethvl-2-piperidone 

A solution of 5-azido-2,3^-trideoxy-3-C-methyl-D-r/irco- 
pentono-l,4-lactone ( 361 mg, 2.33 mmol) in ethyl acetate (23 mL) was 
hydrogenated at 40 psi in the presence of 20% palladium hydroxide on 
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carbon (42 mg) for 2 hours at room temperature. The catalyst was 
removed by filtration through a pad of Celite. The filtrate was 
evaporated, and the residue taken up in toluene (25 mL) and methanol (2 
mL) and heated for 24 hours at 100°C. The mixture was evaporated, and 
5 the crude product recrystallized from hot ethyl acetate; yield 160 mg 
(53%). 

lH NMR (400 MHz, CD3OD): 8 1.04 (d, 3H); 1.95 (m, 1H); 1.99 (dd, 
1H); 2.53 (dd, 1H); 3.08 (dd, 1H); 3.41 (dd, 1H); 3.60 (m, 1H). 

10 

Step E: 2-Imino-5fSVm ethoxv-4rR>-methvl-piperidine 
hydrochloride 

To a solution of 5(S)-hydroxy-4(R)-methyl-2-piperidone 

15 (157 mg, 1 .22 mmol) in methylene chloride (4 mL) was added 

trimethyloxonium tetrafluoroborate (376 mg, 2.54 mmol). The reaction 
mixture was stirred for 24 hours at room temperature. Thin-layer 
chromatography (10% methanol/CH2Cl2) indicated the formation of two 
more mobile products: the predominant product being the 5-methoxy-4- 

20 methyl-imino-methyl ether followed by a smaller amount of the 5- 
hydroxy-4-memyl-imino-methyl ether. The mixture was diluted with 
ethyl acetate, washed with saturated sodium hydrogencarbonate solution, 
saturated brine solution, dried (MgS04), and carefully evaporated (bath 
temperature <15°C) to avoid loss of the volatile imino ethers. The crude 

25 product mixture was subjected to flash silica gel chromatography (packed 
as a slurry in 4% methanol/CH2Cl2). Rapid elution with 4% 
methanol/CH2Cl2 afforded the 5-memoxy-4-memyl-imino-methyl ether. 
Subsequent elution with 10% methanol/CH2Cl2 afforded the 5-hydroxy- 
4-memyl-imino-methyl ether. Evaporations of the column fractions 

30 containing product were performed with extreme caution to avoid loss of 
the volatile imino ethers. 

The 5-memoxy-4-memyl-imino-methyl ether was treated with 
ammonium chloride (32 mg, 0.60 mmol) in refluxing ethanol (4 mL) for 4 h. 
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The cooled reaction mixture was evaporated, and the resulting solid dried in 
vacuo; yield 61 mg. 

lH NMR (400 MHz, CD3OD): 8 1.08 (dd, 1H); 2.23 (m, 1H); 2.32 (dd, 1H); 
5 2.81 (dd, 1H); 3.38 (dd, 1H); 3.40 (s, 3H); 3.42 (m, 1H); 3.55 (dd, 1H) 

Mass spectrum m/e = 143 (m +1). 



10 AMPLE 98 

CH3 



15 



HO* 

^ X 

Jj*^NH HCI 



7-Tminn-5fSV hvHmTV-4fRVn?r thv1 -P' oeridin< ' hydrochloride 



The 5-hydroxy^-methyl-imino-rnethyl ether from Step E of 
Example 97 was treated with ammonium chloride (16 mg, 0.30 mmol) in 
refluxing ethanol (3 mL) for 4 hours. The cooled reaction mixture was 
evaporated. The solid was taken up in methanol, and the product crystallized 
20 out upon addition of diethyl ether, yield 22 mg. 

lH NMR (400 MHz, CD3OD): 5 1.08 (d, 3H); 2.01 (m, 1H); 2.33 (dd, 1H); 
2.85 (dd, 1H); 3.19 (dd, 1H); 3.54 (dd, 1H); 3.71 (m, 1H). 

25 Mass spectrum m/e = 128 (M +1). 
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CHa 

^[J^NH HCI 



2-Imino-5(S)-acetvloxv-4fRVmethvl-piperidine hydrochloride 



5 Step A; 5(S)-AcetylQ^y-4fR)-piethyl-2-piperidone 

5(S)-Hydroxy-4(R)-methyl-2-piperidone (43 mg, 0.33 
mmol) was treated with pyridine (0.5 mL) and acetic anhydride (0.3 mL) 
overnight at room temperature. The mixture was evaporated and 
10 coevaporated several times with toluene. Flash silica gel chromatography 
eluting with 2% methanol/CH2Cl2 gave pure title compound; yield 17.7 
mg. 

lH NMR (400 MHz, CD3OD): 8 1.04 (d, 3H); 2.08 (s, 3H); 2.09 (dd, 
15 1H); 2.21 (m, 1H); 2.58 (dd, 1H); 3.22 (dd, 1H); 3.56 (dd, 1H); 4.83 (m, 
1H). 

StCPB; 2-lmino-5(S)-acetvloxv-4rRVmethvl-pip eridine hydrochloride 

20 To a solution of 5(S)-acetyloxy-4(R)-methyl-2-piperidone 

(17.7 mg, 0.103 mmol) in methylene chloride (1.5 mL) was added 
tximethyloxonium tetrafluoroborate (16.8 mg, 0.1 13 mmol). The reaction 
mixture was stirred for 18 hours at room temperature. The mixture was . 
diluted with ethyl acetate, washed with saturated sodium 

25 hydrogencarbonate solution, saturated brine solution, dried (MgS04), and 
carefully evaporated (bath temperature <15°C) to avoid loss of the 
volatile imino ether. The residue was treated with ammonium chloride 
(4.4 mg, 0.082 mmol) in refluxing ethanol (1.5 mL) for 3 hours. The 
reaction mixture was evaporated and triturated with ethyl acetate. The 

30 resulting solid was filtered, washed with ethyl acetate, and dried in vacuo. 
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lH NMR (400 MHz, CD3OD): 8 1.09 (d, 3H); 2.08 (s, 3H); 2.26 (m, 
1H); 2.45 (dd, 1H); 2.89 (dd, 1H); 3.37 (dd, 1H); 3.69 (dd, 1H). 

Mass spectrum m/e = 171 (M +1). 

5 



EXAMPLE 100 




10 

Step A; 3(RX4fRVO-Isopropvlidene-5rRVacetvloxv-2-piperidone 

15 A solution of 5(R)-azidomethyl-3(R) f 4(R)-0-isopropylidene- 

dihydro-2(3H)-furanone [prepared according to Herdeis and Waibel, Arch. 
Pharm; 324, 269-274 (1991)] (460 mg, 2.16 mmol) in methanol (12 mL) was 
hydrogenated under a balloon atmosphere of hydrogen gas in the presence of 
20% palladium hydroxide on carbon (75 mg) for 4 hours at room temperature. 

20 The catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 |xm). The filtrate was evaporated, and the resulting solid dried in 
vacuo. The solid was treated with acetic anhydride (2 mL) and pyridine (3 
mL) until thin layer chromatography (10% methanol/CH2Cl2) indicated 
complete conversion into a more mobile product. The reaction mixture was 

25 evaporated and coevaporated several times with toluene. The product was 
purified by flash silica gel chromatography eluting with 2-3% 
methanol/CH2Cl2- Pure title compound was obtained as a solid; yield 185 mg 
(37%). 



30 Step B; 2-Imn^3(S)i4(RVQ-Is9pro 

hydrochloride 
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To a solution of 3(R),4(R)-0-isopropylidene-5(R)-acetyloxy-2- 
piperidone (99 mg, 0.432 mmol) in methylene chloride (3 mL) was added 
trimethyloxonium tetrafluoroborate (70 mg, 0.473 mmol). The reaction 

5 mixture was stirred for 18 hours at room temperature. The mixture was 
diluted with ethyl acetate, washed with saturated sodium hydrogencarbonate 
solution, saturated brine solution, dried (MgS04), and carefully evaporated 
(bath temperature <15°C) to avoid loss of the volatile imino ether. The residue 
was treated with ammonium chloride (18.4 mg, 0.344 mmol) in refluxing 

10 ethanol (4 mL) for 5 hours. The reaction mixture was evaporated, and the 
residue triturated with a mixture of ethyl acetate and diethyl ether. The solid 
was filtered, washed with diethyl ether, and dried in vacuo. 

lH NMR (400 MHz, CD3OD): 8 1.44 (s, 3H); 1.48 (s, 3H); 2.08 (s, 3H); 3.48 
15 (dd, 1H); 3.57 (dd, 1H); 4.73 (dd, 1H); 5.00 (d, 1H); 5.32 (m, 1H). 

Mass spectrum m/e = 229 (M +1). 



20 RYAMPIJ* 101 



2-Tmino-3fS\4fRV5fRVtria cetv1oxv-piperidine hydrochloride 

25 

Step A- 3rRV4(R\5fRVTriacetvloxv-2-piperidone 

3(R),4(R)-0-Isopropylidene-5(R)-acetyloxy-2-piperidone (80 mg, 
0.349 mmol) was treated with 90% aqueous trifluoroacetic acid until thin-layer 
30 chromatography (TLC) indicated complete disappearance of starting material. 



o 
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The reaction mixture was evaporated and coevaporated several times with 
toluene. The residue was treated with pyridine (1 mL) and acetic anhydride 
(0.7 mL) until complete conversion into a more mobile product by TLC. The 
reaction mixture was evaporated and coevaporated several times with toluene. 
5 The product was purified by flash silica gel chromatography eluting with 2% 
methanol/CH2Cl2; yield 48.2 mg (51%). 

lH NMR (400 MHz, CDCI3): 5 2.06 (s, 3H); 2.12 (s, 3H); 2.14 (s, 3H); 3.52 
(m, 2H); 5.30 (td, 1H), 5.50 (d, 1H); 5.69 (m, 1H); 5.76 (br s, 1H). 

0 

Step B : 2-Imino-3(S V4f R\5( RVtriacetvloxv-piperidine hydrochloride 

To a solution of 3(R) f 4(R) f 5(R)-triacetyloxy-2-piperidone (46.7 
mg, 0.171 mmol) in methylene chloride (2 mL) was added trimethyloxonium 

5 tetrafluoroborate (28 mg, 0.189 mmol). The reaction mixture was stirred for 
18 hours at room temperature. The mixture was diluted with ethyl acetate, 
washed with saturated sodium hydrogencarbonate solution, saturated brine 
solution, dried (MgS04), and carefully evaporated (bath temperature <15°C) 
to avoid loss of the volatile imino ether. The residue was treated with 

D ammonium chloride (6.8 mg, 0.127 mmol) in refluxing ethanol (2.5 mL) for 4 
hours. The reaction mixture was evaporated, and the resulting solid dried in 
vacuo. 

lH NMR (400 MHz, CD3OD): 8 2.03 (s, 3H); 2.09 (s, 3H); 2.12 (s, 3H); 3.43 
5 (dd, 1H); 3.51 (dd, 1H); 5.40 (m, 1H); 5.61 (d, 1H); 5.68 (m, 1H). 

Mass spectrum m/e = 274. 



EXAMPLE 102 



NH HCI 
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rt|T - P^flhyHwv2-inM nnquinoline hydrochloride 
Step A: cis- nrtflhvdroauino1in-2(lH)-ong 

5 A suspension of lg of 3 ,4,5,6,7,8-hexahydro-2(lH)- 

quinolinone in 1:1 mixture of dioxane and ethanol was hydrogenated in 
presence of 250 mg of 10% palladium on carbon at 60 psi and room 
temperature for 4 hours. The catalyst was filtered on a bed of filter eel 
and washed with dioxane-ethanol mixture. The filtrate was concentrated 

10 to give a residue which was purified on silica gel using ethyl acetate as 
solvent to give 510 mg of the desired product containing about 10% 
trans-isomer. Recrystallization from hexane did not improve the isomer 
ratio. 

15 lH NMR (CDC13): 3.49(m,lH); 2.33(m,2H)1.2-2.0(m,l 1H) 

Step B: ci5- negahvdrn-2-iminnq»inoline hydrochloride 

The title compound was synthesized as described in examples 2 and 3 
20 from cis-octahydroquinolin-2(lH)-one. 

lH NMR (DMSO): 3.49(m,lH); 2.53(m,2H); 1.25-2.0(m,llH); 
8.16(b,lH); 8.7(b,lH); 9.65(b,lH) 



25 



FY AMPLE 103 




NH HCI 



30 rrflW5 -ner.ahvdro-2-iminoquinoline hydrochloride 



Step A: frflws- Octahvdroqiiino1in-2(lrfl-one 
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A mixture of lg (6.62 mmol) of 3,4,5,6,7,8,-hexahydro- 
2(lH)-quinolinone, 2.8g (41 mmol) of sodium formate and 5 mL of 
formic acid was heated to reflux for 1 day The reaction mixture was then 
cooled and 20% sodium hydroxide solution was added to make it basic. 
5 This mixture was then extracted with ethyl acetate. The combined ethyl 
acetate extracts were dried over anhydrous magnesium sulfate and the 
solvent was removed to give a crude product. This was purified on silica 
gel using ethyl acetate as solvent to provide 752 mg of the desired 
product with about 10% of the cis- isomer. Recrystallization of this 
10 material from cyclohexane did not improve the ratio of the isomers. 

lH NMR (CDCI3): 2.88(m,lH); 2.4(m,2H)1.0-1.9(m,HH) 



Step B: /raw5-Decahvdro-2-iminoquinoline hydrochloride 

15 

The title compound was synthesized from trans-octahydroquinolin- 
2(lH)-one as described in examples 2 and 3. 

lH NMR (DMSO): 2.95(m,lH); 2.58(m,2H); 1 .0-2.0(m,l 1H); 
20 8.12(b,lH); 8.76(b,lH); 9.70(b,lH) 



EXAMPLE 104 




4( S VMethvl-4a( S V7afS Vperhvdro-2-imino-l -pvrindine hydrochloride 

and 4(R>Methyl-4a(R).7a(R VpCThydrp-2-iminp- 1 -pyrindine 
hydrochloride 

30 

Step A: 4^SVMemvl-4ani+S\7afR+SVperhvdro-l-pvrindin-2-one: 
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A mixture of 1 g of 2-hydroxy-4-memyl-6,7-dihydro-5H-l- 
pyrindine (prepared according to A. Sakurai and H. Midorikawa, Bull 
Chem Soc Japan, 41, 165, 1968) and platinum oxide (0.5g) in 50 mL of 
glacial acetic acid was hydrogenated on a Parr shaker at room 
5 temperature and 50 psi for 2 days. The catalyst was filtered and washed 
with acetic acid. The filtrate was concentrated to give the desired lactam 
as a white solid after purification on silica gel using 2% methanol in ethyl 
acetate as solvent. 

10 Step B: 4(SVMethvl-4 a fSV7a rS'>-perhvdro-1 -nvrindin-2-one and 4(R)- 
Methv1-4afR^7afRV perhvdro- 1 -pvrindin-2-one; 

The mixture of enantiomers obtained from the step A was 
separated into its chiral components using ChiralCel OD column using 
15 90: 10 hexanerisopropanol mixture as solvent on HPLC. The faster 

moving enantiomer was 4(S)-memyl-4a(S),7a(S)-pemydro-l-pyrindin-2- 
one and the slower moving enantiomer was 4(R)-methyl-4a(R),7a(R>- 
perhydropyrindin-2-one. 

20 lH NMR (CDC13): 5.45(b,lH); 3.8(m,lH);1.4-2.3(m,10H); 0.96(d,3H) 



Step C: 4fSVMethvl-4arS).7a(SVperhvdro-2- iniino-1-pvrindine 
hydrochloride and 4rRVMemvl^ a m^7afRVperhvdro-2-iniino-l- 
pvrindine hydrochloride 
25 The title compounds were prepared according to the method 

described in Examples 2 and 3. The stereochemical assignments for 
these two compounds were confirmed by x-ray structure determination. 

lH NMR (CD30D): 3.9(m,lH); 1.4-2.5(m, 1H); 1.06(d,3H) 

30 

4(S)-Memyl-4a(S),7a(S)-perhydro-2-imino- 1 -pvrindine hydrochloride 
specific rotation = +53.95° (c = 0.215, EtOH) 



WO 96/14844 



PCT/US95/14812 



- 146- 

4(R)-Methyl-4a(R),7a(R)-perhydro-2-imino- 1 -pyrindine hydrochloride 
specific rotation = -54.55° (c = 0.22, EtOH) 

EXAMPLE 105 

5 




4(S)-Methv1-4arSV8arSWiecahvdro-2-im inoquino1ine hydrochloride, an^i 
4(R)-Methvl-4arRV8arRVdec a hvd ro-2-iminoguinoline hydrochloride 

10 

Step A; 4rR+.S)-Methvl-4arRH-Sy8afR^-S^-d e c a hvd roouino1in e -2-onP.: 

A mixture of 2-hydroxy-4-methyl quinoline (lg) and 
platinum oxide (0.5g) in 50 mL of glacial acetic acid was hydrogenated 
15 on a Parr shaker at room temperature and 50 psi for 2 days. The catalyst 
was filtered and washed with acetic acid. The filtrate was concentrated to 
give the desired lactam as a white solid after purification on silica gel 
using 2% methanol in ethyl acetate as solvent. 

20 Step B; 4ffl>-Methvl-4arSV8 a fSW ecfl hvHmn n in 0 lin-2-nni, and )- 
MethvMafR^SarRVdftCahvdrnqiiinnl^-y-nne; 

The mixture of enantiomers obtained from the step A was 
separated into its chiral components using ChiralCel OD column using 
25 90: 10 hexanerisopropanol mixture as solvent on HPLC. The faster 

moving enantiomer was 4(S)-methy!-4a(S),8a(S)-decahydroquinolin-2- 
one and the slower moving enantiomer was 4(R>methyl-4a(R),8a(R)- 
decahydroquinolin-2-one. 



30 lH NMR (CDQ3): 5.42(b,lH); 3.6(m,lH); 2.3(m,lH); 2.0(m,lH); 1.1- 
1.7(m,8H); 0.96(d,3H) 
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Step C: 4fSVMethv 1-4arS>.«aCSVdecahvdro-2-iminoquinoline 
hydrochloride and 4fRVMethvl-4afR '>.RafRVdecahvdro-2-iminoquinoline 
hydrochloride 

The title compounds were prepared according to the method 
5 described in Examples 2 and 3 and the assignment of stereochemistry 
was confimed by x-ray crystal structure determination. 

*H NMR (CD30D): 3.68(m,lH); 2.6(m, 1H); 2.3(m,lH); 2.1(m,lH); 
1.25-1.96(m,9H); 1.04(d,3H) 

10 

4(S)-Memyl-4a(S),8a(S)-decahy<iro-2-iminoquinoline hydrochloride 
specific rotation = +12.31° (c = 0.195, EtOH) 

4(R)-Methyl^a(R),8a(R)-decahydro-2-immoquinoline hydrochloride 
1 5 specific rotation = - 12.5° (c = 0.2, EtOH) 



EXAMPLE 106 

s^o h 

Men 

20 h H 

2-Imino-octahvdro-quinolin-6f5H^-one-6-ethvlene ketal hydrochloride 
Step A: 3.4.7.8-Tetrahvdro-quinoli n-2f lHV6f5HV dione-6-ethvlene ketal 

25 

A solution of 1,4-cyclohexanedione monoethylene ketal (10 
g, 0.64 mol) and pyrrolidine (1 1.6 mL, 0.13 mol) in toluene (50 mL) was 
heated at reflux for 2 h collecting water in a Dean-Stark trap. Half the 
volume was distilled off and the reaction cooled to room temperature. To 
30 the mixture was added a solution of acrylamide (10.9 g, 0. 15 mol) in 

N,N-dimethylacetamide (25 mL) and the mixture heated at 78 °C for 18 h 
and 135 °C for 4 h. The reaction was cooled, water (100 mL) was added 
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and the mixture stirred 0.5h. The mixture was extracted with methylene 
chloride, dried (Na2S04), and evaporated. The solid was triturated with 
ether, collected and dried to give the tide compound. 

5 lH NMR (CDC13): 5 I -2.65 (m,10H); 3.88-4.05 (m,4H); 4.80 (m,4H); 
7.70 (b,lH) 

Mass spectrum m/e = 2 (M+l) 

10 Step B; 3 A4a.7.8.8a-Hexahvdro-quinolin -2(!Hi-6f5I d ione-6-ethvlene 
ketal 

A suspension of 3,4,7,8-tetrahydro-quino* :(1H)-6(5H)- 
dione-6-ethylene ketal (0.5 g, 2.39 mmol) in ethanol xL) in the 
15 presence of 5% rhodium / alumina (0.5 g) was hydrogenated at 50 psi for 
2.5 h. The catalyst was removed by filtration through Celite and 
evaporated to give the title compound. 

lH NMR (400 MHz, CDC13): 8 1.45-2.45 (m,l 1H); 3.55 (m,lH); 3.94 
20 (m,4H); 5.74 (b,lH); 5.95 (b.lH) 

Mass spectrum m/e = 212 (M+l) 

Step C; 2-Imino-OCtahvdro-ouinolin-6f5H^on e-6-ethv1ene ketal 
25 hydrochloride 

To a solution of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal (100 mg, 0.47 mmol) in methylene chloride 
(2 mL) was added trimethyloxonium tetrafluoroborate (77 mg, 0.52 
30 mmol) and the mixture stirred at room temperature for 1 8 h. The reaction 
mixture was diluted with ethyl acetate (25 mL), neutralized with 
saturated sodium carbonate, the aqueous layer washed with ethyl acetate, 
and the combined organics washed with brine, dried (Na2S04) and 
evaporated below room temperature to give a crude oil. The oil was taken 
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up in ethanol (2ml), ammonium chloride (18mg, 0.33mmol)was added 
and the mixture refluxed for 3 h. The reaction mixture was evaporated to 
dryness, the residue triturated with ethyl acetate and purified by flash 
chromatography using (80:20:2) acetonitrile: water: acetic acid as eluant 
5 to yield the tide compound. 

lH NMR (400 MHz, CD3OD): 6 1.60-2.73 (m,HH); 3.63 (m,lH); 3.93 
(m,4H) 

10 Mass spectrum m/e = 211 (M+l) 

pYAMPT.E 107 
H 



15 



20 



o. 



tTX 



A solution of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal (prepared as described in Example 106,Step 
B), (300 mg, 1.42 mmol) in 80% acetic acid / water (8 mL) was heated at 
65 °C for 1 h, evaporated to dryness, and coevaporated with toluene to 
25 give a solid. Purification was accomplished by flash silica gel 

chromatography using 3% methanol / methylene chloride as eluant to 
give the tide compound. 

lH NMR (400 MHz, CDCI3): 8 1.60-2.50 (m, 1 1H); 3.78 (m,lH); 6.60 
30 (b,lH) 

Mass spectrum m/e = 168 (M+l) 
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Step B: 2-Imino-octahvdro-guinolin-6r5H^n ne hydrochloride 

The above compound was prepared in a similar fashion as 
5 Example 106, Step C, but substituting hexahydro-quinolin-2(lH),6(5H)- 
dione in place of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)-6(5H)-dione-6- 
ethylene ketal to yield the title compound. 

lH NMR (400 MHz, CD3OD): 5 1.70-2.64 (m,10H); 2.73 (m.lH); 3.97 
10 (m,lH) 

Mass spectrum ra/e =167 (M+l) 



2-In»n0-6-acetvl0XV-Cl.V-decahvdrofluinn T ine hvdmrfilnriHi* 

Step A; cis-3 , 4 , 4a,7.8.8a-Heyahvdro-auinoii n -?riH^-6r5H^Hion^ 

ethylene Icetal 



The above compound was prepared in a similar fashion as 
25 Example 106, Step B, but was fractionally crystallized from ethyl acetate 
to give greater than 96% cis isomer as the title compound. 

400MHz ' H NMR (CDCI3): 8 1.45-2.45 (m, 1 1H); 3.55 (m, 1H); 5.80 (b, 
1H) 

30 

Step B; cis-Hexahvdro-ouinn1in-? nm.6r5m-dinn<> 



15 



EXAMPLE 108 
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The above compound was prepared in a similar fashion as 
Example 107, Step A, to give the title compound. 

lH NMR (CDC13): 5 1.70-2.50 (m, 11H); 3.78 (m, 1H); 6.57 (b, 1H) 

5 

S tep Pr fv.Hvdmxv-riR-f4a.RaVor t^ hvrfr "-q uinotin - 2nHVQne 

To a solution of cis-hexahydro-quinolin-2(lH),6(5H)-dione 
(50 mg, 0.30 mmol) in methanol (1 ml) cooled to 0 °C was added sodium 
10 borohydride (1 1 mg, 0.30 mmol) and the solution stirred for 0.5 h. Water 
(0.25 ml) was added and the reaction mixture was evaporated to give the 
crude title compound. 

lH NMR (400 MHz, CD3OD): 8 1.32-2.00 (m,10H); 2.28 (m,2H); 3.54 
15 (m,lH); 3.64 (m,lH) 

Step D: 6.Acetvloxv-cis-(4a.8aW tahvdro-anino1in-2( IHVone 

To a mixture of crude 6-hydroxy-cis-(4a,8a>octahydro- 
20 quinolin-2(lH)-one (203 mg, 0.86 mmol) in methylene chloride (5 mL), 
was added pyridine (2.8 mL), acetic anhydride (1.4 mL), and 4- 
dimemylarninopyridine (23 mg). After 6 h the reaction mixture was 
diluted with methylene chloride (50 mL), washed with water, saturated 
sodium bicarbonate, brine, dried (Na2S04), and evaporated to give a pale 
25 yellow solid. It was subjected to flash chromatography using 2% 
methanol / methylene chloride as eluant to give the title compound. 

lH NMR (400 MHz, CDCI3): 8 1.56-2.02 (m, 12H); 2.35 (m, 2H); 3.55 
(m, 1H); 4.75 (m,lH); 5.74 (b.lH) 

30 

Mass spectrum m/e = 212 (M+l) 



Step E: 2-Imino-6-acetv1oxv-c«-deca hvdroquinoline hydrochloride 
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The above compound was prepared in a similar fashion as 
Example 106, Step C, but substituting 6-acetyloxy-cis-(4a,8a>octahydro- 
quinolin-2(lH)-one in place of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H>dione-6-ethylene ketal to yield the title compound. 

lH NMR (400 MHz, CD3OD): 8 1.50-2.20 (m,12H); 2.65 (m,2H); 3.64 
(m,lH); 4.80 (m,lH) 

Mass spectrum m/e = 211 (M+l) 



EXAMPLE 109 

"°XXX 

^ '[^NH HCI 

2-IminO-6-hvdrOXV-CI.V-d&cahvdroqninoline hydrochloride 



Ammonia gas was bubbled to a solution of 2-imino-6- 
acetyloxy-cis-decahydroquinoline hydrochloride, prepared previously as 
20 described in Example 108, Step E, (38 mg, 0. 15 mmol) in methanol (2 
ml) at 0 °C for 5 min. The reaction flask was stoppered and stirred at 0 °C 
for 3 h and at room temperature for 72 h. The reaction was evaporated to 
dryness and purified by flash chromatography using (80:16:2) 
acetonitrile: water acetic acid as eluant to give the title compound. 

lH NMR (400 MHz, CD3OD): 5 1.28-2.13 (m,10H); 2.63 (m,2H); 3.60 
(m,lH); 3.68 (m, 1H) 



30 



Mass spectrum m/e = 169 (M+l) 



EXAMPLES 110 111 
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CHgO 



NH HCI 



^PJ^NH HCI 



2-Imino-5-methoxv-cis-perhvdro-pvrindene hydrochloride (Example 
1 10) and 2-iminc>-5-hvdroxv-cis-perhvdro-Dvrindene hydrochloride 
5 (Examnlelin 

Step A; 3.4.6.7-Tetrahvdro-pvrindene-2f lHV5-dione 

A mixture of 1,3-cyclopentanedione (20 g, 0.20 mol), 
10 acrylamide (29 g, 0.41 mol), and p-toluenesulfonic acid monohydrate 
(2.3 g, 0.01 mol) in N,N-dimethylacetamide (20 mL) was heated at 85 °C 
for 18 h and 150 °C for 3 h. The reaction mixture was cooled, water (100 
mL) was added and stirred for 0.5 h. Methylene chloride (100 mL) was 
added, the layers were separated, the aqueous layer washed with 
15 methylene chloride, the combined organics dried (Na2S04) and 

evaporated to give a gum. Purification by flash chromatography using 2% 
methanol / methylene chloride as eluant gave the title compound. 

lH NMR (400 MHz, CDCI3): 5 2.52 (m, 4H); 2.62 (m, 4H); 8.32 (b, 1H) 

20 

Mass spectrum m/e = 152 (M+l) 

Step B; 5-Hvdroxv-cis-perhvdro-pvrinden-2rifn-one 



25 A suspension of 3,4,6,7-teti^ydn>-pyrmdene-2(lH)-5-dione 

(2.8 g, 0.19 mol) in ethanol (150 mL) in the presence of 5% rhodium / 
alumina was hydrogenated at 50 psi for 18 h. The catalyst was removed 
by filtration through Celite and evaporated to give the title compound. 

30 1 H NMR (400 MHz, CDCI3): 5 1.69-1.95 (m, 7H); 2. 14-2.33 (m, 2H); 
2.47 (m, 1H); 3.74 (m, 1H); 4.33 (m.lH); 4.33 (m,lH); 6.04 (b, 1H) 
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r^ ppnnnd A; 2-Tmino- ^-methoxv-cis-nerhvdro-pvrindene hydrochloride 
r^in p^iinH R: 2-Tmino- 5-hvdroxv-cis-nerhvdro-pvrindPTip hydrochloride 

The above compounds were prepared in a similar fashion as 
5 Example 106, Step C, but substituting 5-hydroxy-cis-perhydro-pyrinden- 
2(lH)-one in place of 3,4,4a,7,8,8a-hexahydro-qumolin-2(lH)-6(5H)- 
dione-6-ethylene ketal. Purification by flash chromatography using (80: 
8: 2) acetonitrile: water: acetic acid as a eluant separated the above two 
title compounds A and B; 



Compound A: NMR (400 MHz, CD3OD): 8 1.70-2.10 (m,8H); 2.47 
(m,3H); 2.70 (m.lH); 3.85 (m, 2H) 

Mass spectrum m/e =169 (M+l) 

Compound B: *H NMR (400 MHz, CD3OD): 6 1.70-2.10 (m,7H); 2.34- 
2.52 (m,2H); 2.75 (m,lH); 3.85 (m,lH); 4.29 (m,lH) 

Mass spectrum m/e =155 (M+l) 



L-776,009-001V 

7-TTninr>-5-hvdroxv-4 a-methvl-trans-r4a.8aVdecahvdroQUinoline 
hydrochloride 

30 

Step A; 4a-Methvl-3.4.6.7-tetra hvdro-quino1in-2(lH).5(4aHVdl0ne 



20 



FX AMPLE 112 




NH HCI 



EXAMPLE 112 
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The title compound was obtained from 2-methylcyclohexane- 1,3- 
dione and acrylamide by the method described in example 110, step A. 

lH NMR (CDCI3): 7.77 (br, 1H), 5.14 (dd, 1 H), 2.78 (m, 1H), 2.58 (m, 
5 2H), 2.53 (m, 1H), 2.43 (m, 2H), 2.04 (m, 1H), 1.80 (m, 1H), 1.38 (s, 
3H). 

Mass spectrum m/e = 180 (M+l) 

10 

. Step B : 5-Hvdroxv-4a-methv1-trans-f4 a 8aVoctahvdro-Quinohn-2f 1HV 

The title compound was obtained from 500 mg of 4a-methyl- 
15 3,4,6,7-tetrahydro-quinolin-2(lH),5(4aH)-dione by the method described 
in example 1 10, step B with the following additions: The erode solid was 
purified by silica gel chromatography on a 21 x 130 mm column eluting a 
gradient from 0 to 5% methanol in methylene chloride to afford 185 mg 
of the tide compound. 

20 

lH NMR (CDC13): 5.64 (br, 1H), 3.37 (dt, 1H), 3.08 (dd, 1H), 2.47 (m, 
2H), 2.11 (m, 1H), 1.80 (m, 2H), 1.57 (m, 2H), 1.46 (m, 4H), 0.95 (s, 
3H). 

25 Mass spectrum m/e = 184 (M+l) 

Step C: 2-Iniincv5-hvdroxv^ a-m e thvl-trans-f4a.8a>-decahvdroquinoline 

hydrochloride 

30 

The title compound was obtained from 180 mg of 5-hydroxy-4a- 
memyl-traris-(4a,8a)-octahydro-quinolin*2(lH)-one by the method 
described in examples 2 and 3. 
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lH NMR (CD3OD): 3.36 (dt, 1H), 3.12 (dd, 1H), 2.70 (dd, 2H), 2.08 (m, 
1H), 1.83 (m, 1H), 1.70 (m, 2H), 1.57 (m, 2H), 1.44 (m, 2H), 0.87 (s, 
3H). 

5 Mass spectrum m/e = 183 (M+l) 



2-Imino-5-fluoro-5-metfavl-cis-r4a.8aVdecahvdroquinoline hydrochloride 
Step A: 5-Huoro-5-methyl-cis-(4a.8aVoctahvdro-quinolin-2fim-one 



To a solution of 150 mg (0.82 mmol) of 5-hydroxy-4a-methyl- 
trans-(4a,8a)-octahydro-quinolin-2(lH)-one in 2 mL methylene chloride 
at 0 °C was added 0.108 mL (0.82 mmol) diethylaminosulfur trifluoride 
dropwise. After stirring for one hour, apply reaction mixture directly to a 
20 21 x 300 mm silica column and purify by eluting with 20% 

acetone/methylene chloride to afford 55 mg of the title compound as a 
4:1 mixture of cis:trans diastereomers. 

lH NMR (CDCI3): 6.19 (br, 1H), 3.31 (dt, 1 H), 2.51 (m, 1H), 2.28 (m, 
25 1H), 2.21-1.90 (m, 5H), 1.85-1.50 (m, 4H), 1.40 (<L J = 22 Hz, 3H). 

Mass spectrum m/e 186 (M+l) 



EXAMPLE 113 




NH HCI 



30 Step B: 2-Imino-5-fluoro-5-methvl-cis-(4a.8aVdecahvdroquinoline 
hydrochloride 
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The title compound was obtained from 55 mg of 5-fluoro-5- 
memyl-cis-(4a,8a)-octahydKHquinolin-2(lH>one by the method 
described in Examples 2 and 3. 



5 lH NMR (CD3OD): 3.57 (dt, 1H), 2.67 (m, 2H), 2.20 (m, 2H), 2.08 (m, 
1H), 1.95 (m, 1H), 1.88-1.68 (m, 5H), 1.44 (d, J = 23 Hz, 3H). 

Mass spectrum m/e =185 (M+l) 



15 5-Acetoxv-2-iinino-cis-(4a .8aVdecahvdroauinoline hydrochloride 
Step A: 5-Acetoxv- cis-r4a.8a > >-octahvdroauino1in-2(lH)-one 

To a solution of 100 mg (0.59 mmol) of 5-hydroxy-cis-(4a,8a)- 
20 octahydroquinolin-2( 1 H)-one (prepared as shown in Example 1 10, Step 
A and B) in 1 mL pyridine at 25 °C was added 0.046 mL (0.65 mmol) 
acetic anhydride and 8 mg dimemylaminopyridine. After stirring for 16 
hours, apply reaction mix directly to a 21 x 130 mm silica column and 
purify by eluting a gradient from 0 to 5% methanol/methylene chloride to 
25 afford 80 mg of the title compound as a cis racemate. 



lH NMR (CDCI3): 6.19 (Jot, 1H), 4.88 (m, 1H), 3.41 (m, 1 H), 2.47 (m, 
1H), 2.35 (m, 2H), 2.05 (s, 3H), 1.77 (m, 5H), 1.45 (m, 2H), 1.30 (m, 
1H). 



10 



FX AMPLE 114 




NH HCI 



30 



Mass spectrum m/e = 212 (M+l) 



WO 96/14844 



PCT/US95/14812 



- 158- 



Step B; 5-Acetoxv-2-imino-cis-r4a.« a Vd ft r a hvdrQquinn1in ff 
hydrochloride 

5 The title compound was obtained from 80 mg of 5-acetoxy-cis- 

(4a,8a)-octahyc!roqumolin-2(lH)-one by the method described in 
examples 2 and 3. 

lH NMR (CD3OD): 4.94 (dt, 1H), 3.59 (dt, 1H), 2.73 (dt, 1H), 2.62 (i 
10 1H), 2.40 (m, 1H), 2.04 (s, 3H), 1.89 (m, 2H), 1.86-1.71 (m, 4H), 1.53 
(m, 2H). 

Mass spectrum m/e = 211 (M+l) 



5-Hydr0XY-2-i m ino-cis-f4a KaVdecahyHro^jnoHne hvrWhlnri^ 

To a solution of 30 mg (0.14 mmol) of 5-acetoxy-2-imino-cis- 
(4a t 8a>decahydroquinolme hydrochloride in 1 mL methanol at 0 oq was 
added ammonia gas by bubbling in through a needle. After stirring for 64 
hours, apply reaction mix directly to a 8 x 50 mm silica column and 
purify by eluting 80:16:4 acetonitrile/water/acetic acid to afford 15 mg of 
the title compound as a cis racemate. 



lH NMR (CD3OD): 3.80 (dt, 1H), 3.52 (dt, 1H), 2.74 (dt, 1H), 2.58 (1 
30 1H), 2.21 (m, 1H), 1.93 (m, 2H), 1.77 (m, 2H), 1.66 (m, 2H), 1.35 (m, 



EXAMPT.F.1H 



HO 




2H). 



Mass spectrum m/e = 169 (M+l) 
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EX AMPLE 116 



Co N NH HCI 

2-Imino-octah ydroquinolin-7(RH->-one-7-ethvIene ketal hydrochloride 
Step A: Y-Acetvl-y-ethoxvpimelonitrile 

To a 50 mL round bottom flask fitted with a Teflon stirrer 
were added 13 gm (100 mmol) of ethyl acetoacetate, 15 mL of tert- 
butanol and 7.5 mL of benzyltrimethylammonium hydroxide (Triton B™, 
40 % by weight) in methanol. The solution was cooled to 4 <>C with ice 
and added dropwise over 10 min 10.6 g (100 mmol) of acrylonitrile 
keeping the solution temperature <20 °C. The reaction was stirred for 4 h 
at 25 °C. The product falls out of solution and the mixture became a 
solid mass. Cold water (100 mL) was added to suspend the precipitate 
and filtered. The crystalline product was washed with 2X 20 mL of ice 
water and dried under reduced pressure at 60 °C overnight to recover 
18.5 g (78%) of product 

*H NMR (400 MHz, CDCI3) 8 1.30(t, 3H, J=7 Hz); 2.1-2.4(m, 8H); 
2.19 (s, 3H); 4.27 (q, 2H, J=7 Hz). 

Step B: 3.4.4a .5-Tetrahvdroquinolin-2riHV7f6H>-dione 

This procedure is taken from C. F. Koelsch et al. J. Am. 
Chenu Soc, 1959, 72, 346. Y-Acetyl-y-ethoxypimelonitrile (18.5 g) was 
treated with a hot solution (120 °C) of 41 mL of concentrated sulphuric 
acid and 18 mL of water. After heating at 140 °C for 15 min, the 
solution was poured into 200 mL of ice water with mechanical stirring 
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and added CaC03 until the pH> 6.0. The precipitated CaS04 was 
filtered and washed with 3X 100 mL of water. The water was removed 
under reduced pressure and the residue was recrystallized from boiling 
water to recovered 4.5 g (36%) of product; (Lit. yield= 42%). mp=233- 
5 235 °C (Lit = 234-235 
OQ. 

lH NMR 400 MHz(CDCl3) 5 1.55-1.85(m, 2H); 2.0-2.1(m, 1H); 2.15- 
2.25 (m, 1H); 2.35-2.7 (m, 5H); 5.40 (s, 1H); 7.90 (bs, 1H). 

10 

Step C: 3A4a.5-Teti^vdro-quinol^^^ 

A mixture of the vinylogous imide 3,4,4a,5- 
tetrahydroquinolin-2(lH)-7(6H)-dione (1.30 gm, 7.9 mmol) , ethylene 

15 glycol (4.7 mL), p- toluenesulphonic acid (100 mg), and benzene (200 
mL) was heated under reflux with stirring using a Dean Stark water 
separator for 40 h. After the solvent was removed under reduced 
pressure, the resulting residue was extracted with chloroform. The 
extract was washed with saturated NaHC03 and brine, evaporated to give 

20 a solid which was chromatographed on silica gel (95/5 - CH2Q2/ 
MeOH). Chromatography gave 980 mg of product. Yield=60%. 

lH NMR (400 MHz, CDCI3) 5 1.7-1.8(m, 3H); 2.0-2.1(m, 1H); 2.1-2.2 
(m, 5H); 2.4-2.5(m, 2H); 3.97 (s, 4H); 7.28 (bs, 1H). 

25 

Step P; MCTriyrdro-qwM^ 

The product of step C (980 mg, 4.7 mmol) was 
hydrogenated over 5% Rhodium/alumina (1.0 g) in 10 mL of ethanol at 
30 50 psi for 18 h. The catalyst was filtered from the solution and the filtrate 
evaporated under reduced pressure. The solid was chromatographed on 
silica gel (97/3 - CH2CI2/ MeOH) and 570 mg of the desired product was 
recovered along with 150 mg of starting material, mp=17 1-173°. 
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lH NMR 400 MHz(CDCl3) 6 1.4-2.3 (m, 9H); 2.4-2.55(m, 2H); 3.75(m, 
1H); 3.9 (bs, 4H); 6.2 (bs, 1H). 

Step E: 2-Methoxv-hexahvdro-quinolin-7(8HVone-7-etfavleneketal 

5 

In a 10 mL round bottomed flask fitted with a stirrer bar 
were added 100 mg of 3 A molecular sieves (Linde), 4 mL of methylene 
chloride and 162 mg of trimethyloxonium tetrafluoroborate (1.1 mmol) 
and cis-octahydro-quinoline-2-one,7-ethyleneketal (211 mg, 1.0 mmol). 
1 0 The mixture was stirred under N2 for 4 h at 22 °C. The solution was 
diluted with 10 mL of CH2CI2 and washed with 2 x 5 mL of 5% 
NaHC03. The organic layer was dried over MgS04, filtered, and 
concentrated. Recovered 190 mg of a cream colored solid which by 
NMR was the desired product. 

15 

lH NMR 400 MHz(CDCl3) 8 1.3-1.65(m, 5H); 1.8-1.9(m, 3H); 
2.03(ddd, 1H, J=14Hz, J=7Hz, J=3Hz); 2.2 (m, 2H); 3.61 (s, 3H); 
3.77(bd, 1H); 3.9-4.0 (m, 4H). 

20 Step F; 2-Immc-octahvdroauinolin-7r8m-one-7-ethv1ene ketal 
hydrochloride 

In a 25 mL glass pressure bottle fitted with a Teflon stirring 
bar were added iminoether (180 mg, 0.8 mmol), ammonium chloride (39 
25 mg, 0.72 mmol) and 2 mL of ethanol. The tube was sealed and heated at 
100 OC overnight. The solvent was removed in vacuo and added ethyl 
acetate when the product precipitated. The solid was filtered and dried to 
recover 120 mg of the hydrochloride salt 

30 lHNMR400MHz(CD3OD)5l.55-1.62(m, 1H); 1.63-1.88(m, 5H); 
1.925 (d, 1H, J=2Hz); 1.936 (d, 1H, J=2Hz);2.1(m, 1H,); 2.65(dt, 2H, 
J=10 Hz, J=2.5 Hz); 3.77 (m, 1H). 



Mass Spectrum m/e = 207 (M+l). 
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KXAMFLH117 



5 




2-Imino-octahvdro-quinolin-7r8HVone hydrochloride 
Step A: cis-Qctahvdroquinolin-2f im.7(8H)-dione 

10 

Hexahydro-quinolin-2(lH),7(8H)-dione,7-ethyleneketal 
(160 mg, 76 mmoL) was suspended in 5 mL of 2N HQ and stirred 
overnight at room temperature. Then solid K2CO3 was added to 
neutralize the solution. The solvent was removed under reduced pressure 
15 and the residue extracted with chloroform. The CHCI3 solution was 
concentrated under reduced pressure and the residue recrystallized from 
EtOAc and hexane. Recovered 110 mg of product. 

lHNMR(400MHz,CDCl3)61.8-2.1(m,5H);2.3-2.45(m,5H); 1.65 
20 (dd, 1H, J=17Hz, J=6H); 3.95(m, 1H); 6.15 (bs, 1H). 

StepB: 2-Methoxv-hexahvdro-quinolin-7f8HVone 

This product was made by the procedure described for step 
25 E of example 116. 

lH NMR (400 MHz, CDCI3) 6 1.75-1.9(m, 4H): ? 1-2.17(m, 1H); 2.19 
(t, 1H, J=6Hz); 2.30(t, 1H, J=6 Hz); 2.41 (dd,lk =16 Hz, J=7 Hz); 2.67 
(dd,lH, J=14 Hz, J=5 Hz); 3.58 (s, 1H); 3.89 (m, 1H). 

30 

Step C: 2-Imino-octahvdro-quinolin-7(8HVone hydrochloride 
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of example 116. 



This product was made by the procedure described for step F 



*H NMR (400 MHz, CD3OD) 8 1.9-2.0(m, 3H); 2.04(m, 1H, J=7Hz); 
5 2.4-2.5 (m, 3H); 2.58(dd, 1H, J=12 Hz, J=7 Hz); 2.65-2.8 (m, 3H); 4.0- 
4.07 (m, 1H). 



7-AcetvlQXV-2-imino-trans-r4 a SaVdecahvdr oauinoline hydrochloride 
15 Step A; 7-Hvdr0XV-0Ctahvdro-tran S -f4 a « a ^ -fluino1in-2rim-nn ft 

3,4,4a,5-Tetrahydroqumolin-2(lH)-7(6H)-dione (2.92g, 17 
mmol) was added to a small Parr pressure bottle with 220 mg of platinum 
oxide and 75 mL of acetic acid. The solution was pressurized to 50 psi 

20 with H 2 and shaken for 1 8 h. The catalyst was removed by filtration and 
the acetic acid stripped off under reduced pressure. Two major products 
were observed by TLC (97/3 CH2Cl2/MeOH). The lower Rf material, a 
mixture of 4a,8a- cis and trans ring junction 7-ol's (400 mg) was isolated 
by column chromatography (97/3 CH2Cl2/MeOH). This material was 

25 further purified by recrystallization from ethyl acetate whereupon the 
trans-4a,8a-ring junction -7-ol crystallized out of solution (7-OH 
configuration unknown). 

lH NMR 400 MHz(CDCl3) 8 1.05-1.15(m, 1H); 1.2-1.7(m, 5H); 1.7-1.8 
30 (m, 2H,); 1.95-2.15 (m, 2H); 2.3-2.5 (m, 2H); 2.65 (bs, 1H, -OH); 2.95 
(m, 1H); 3.7 (m, 1H); 6.45 (bs, 1H). 



EXAMPLE 11X 




Step B; 7-AretvloxV-QCtahvdm-trans-^ 5 ^ V guino 1i n .2M m-nn p 
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7-Hydroxy-octahydro-trans-(4a,8a)-quinolin-2( lH)-one (89 
mg, 0.82 mmol) was dissolved in 5 mL of pyridine. After cooling to 4 
°C acetyl chloride (1 16 jlL) was added dropwise with stirring. The 
5 reaction was stirred 20 minutes, the solvent was removed in vacuo, then 
added 10 mL of CH2CI2 and washed with 2x2 mL of 2 N HC1. The 
organic layer was dried over MgS04- The filtrate was reduced in volume 
and chromatographed (97/3 CH2Cl2/MeOH) to give 51 mg of the title 
compound. 

10 

lH NMR (400 MHz, CDCI3) 8 1.2(dq, 1H, J=12 Hz, J=3Hz); 1.3-1.5(m, 
5H); 1.75-1.85 (m, 2H,); 2.01 (s, 3H); 2.0-2.05 (m,lH); 2.1-2.15 (m, 1H); 
2.3-2.5 (m, 2H); 3.0 (m, 1H); 4.7 (m, 1H); 6.25 (bs, 1H). 

15 Step C; 7-AcetY l oxy-2-methoxv-() Cta h v dn vtrans-r4 a .8 a Vq ,iinn|i np 

7-Acetyloxy-octahydro-trans-(4a,8a)-quinolin-2(lH)-one 
was converted to the above compound as previously described in step E 
of example 1 16. 

20 

lH NMR (400 MHz, CDCI3) 8 1.0-1.2(m, 2H); 1.22-1.35(m, 1H); 1.35- 
1.45 (m, 2H,); 1.72-1.8(m, 2H); 2.02 (s, 3H); 2.2-2.3 (m, 2H); 2.4-2.5 
(m,lH); 2.85-2.9 (m, 1H); 2.95 (m, 1H); 3.61 (s, 3H); 4.82 (m, 1H). 

25 SteP D; 7-Acetvloxv-2-imincvtran S -r4 a RaVdecahvdmq ninn ^n ^ 
hydrochloride 

7-Acetyloxy-2-methoxy-octahydro-trans-(4a,8a)-quinoline 
was converted to the title compound as prevousiy described in step F of 
30 example 116. 

lH NMR (400 MHz, CD3OD) 8 1.25-1.35(m, 1H); 1.4-1.55 (m, 4H,); 
1.85-1.95(m, 2H); 2.02 (s, 3H); 2.0-2.15 (m.lH); 2.33-2.4 (m, 1H); 2.7- 
2.8 (m, 2H); 3.1-3.2 (m, 1H); 4.8-4.9 (m, 1H). 
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EX AMPLE 119 



HO' 



XXX 



NH HCI 



5 



7-Hvdroxv-2-imino-trans-(4a.8aVdecahvdroquinoline. acetic acid salt 



10 hydrochloride (28 mg, 0.12 mmol) was added to 1 mL of methanol in a 2 
dram vial. The solution was cooled to 4 °C and ammonia gas was slowly 
bubbled in with vigorous stirring. The vial was sealed and the solution 
let stand at 4 °C overnight The next morning, the solvent was removed 
under reduced pressure and the residue chromatographed over silica gel 

15 (17/2/1 - acetonitrile/water/acetic acid). The title compound was 
recovered (Rf=0.25, 7mg). 

lH NMR (200 MHz, CDCI3) 6 1.20-1.60(m, 5H); ; 1.8-1.9(m, 2H); 
1.95-2.1 (m,2H); 2.3-2.4 (m, 1H); 2.7-2.8 (m, 2H); 3.1-3.2 (m, 1H) (90- 
20 proton); 3.6-3.8 (m, 1H). 

Mass Spectrum m/e = 169 (M+l) 



7-Acetyloxy-2-immo-ti^s-(4a,8a)-decahydroquinoline 



25 



EXAMPLE 120 




7-Acetvloxv-2-imino-decahvdroquinoline. acetic acid salt 



30 



Step A; 7-Acetvloxv-octahvdro-ouinolin-2( lHVone 
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10 



15 



20 



7-Hydroxy-octahydro-quinolin-2(lH)-one, ((3/7 ratio), 250 
mg, 1.48 mmol) was recovered from the mother liquors from the Pt02 
catalyzed hydrogenation of 3,4,4a,5-tetrahydroquinolin-2(lH)-7(6H)- 
dione (example 1 18 step A). This material was acetylated with acetic 
anhydride (2.4 mL) and 4-(dimemylamino)pyridine (40 mg) in pyridine 
(4.8 mL) at 0 °C. After 6 h, no starting material was seen by TLC. The 
solvent was removed under reduced pressure. Methylene chloride (100 
mL) was added to the residue *hich was . cquentially washed with 3x 25 
mL of water, 2x 25 mL of 5% sodium bicarbonate, and 2x 25 mL of 
bnne. After drying over MgS0 4 , the solution was filtered and reduced in 
volume. Chromatography (96/4 CH 2 Cl2/MeOH) gave 160 mg of a 60/40 
mixture of cis/trans isomers (by NMR). 

1H NMR (400 MHz, CDC1 3 ) 8 2.007 (s,3H) (cis acetyl); 2.013 (s.3H) 
(trans acetyl); 3.0 (m, 1H); 3.75 (m, 1H). 

Step ft; T-AretYioxv-y-methoxv-nrt^Yffnh m Tinriin r 

7-Acetyloxy-octahydro-quinolin-2(lH)-one (120 mg) was 
converted to the above compound as previously described in Step E of 
example 116. This product was carried on through to the amidine acetate 
without characterization. 



25 



30 



7-Acetyloxy-2-memoxy-octahydro-quinoline was converted 
to the title compound as prevously described in step F of example 1 1 6. 

Mass Spectrum m/e = 21 1(M+1). 



EXAMPLE 1?1 
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rCHa 



^Jj^NH HCI 



2-Imino-3-Methvl-octahvdm-cis-pvrano^.3-fc7-Dvridine hydrochloride 



5 Step A: Benzvl-(tetrahvdro-pvran-4-vlideneVamine 

A solution of tetrahydro-(W>-pyran-4-one (10 g, 100 
mmol), benzylamine (10.7 g, 100 mmol), and 50 mL of toluene was 
heated to reflux with a Dean-Stark trap under N2 for 20 h. The mixture 

0 was cooled and the solvent removed under reduced pressure. The residue 
was distilled under reduced pressure (105-107°, 0.09mm Hg) and 5.6 g of 
product was isolated, yield=30%. The bulk of the reaction mixture 
polymerized during distillation. 

5 lH NMR (200 MHz, CDC13) 8 2.5 (q,4H, J=8 Hz); 3.73-3.83 (t, 2H, 
J=8Hz); 3.85-3.95 (t, 2H, J=8Hz); 4.58 (s,2H); 7.2-7.4 (m, 5H). 



Step B: l-Benzvl-3-methvl-1.3.4.5.7.8-hexahvdro-pvrano/4.i-fe/pvridin- 
2-one 

To a solution of benzyl-(tetrahydro-pyran-4-ylidene)-amine, 
(950 mg, 5 mmol) in a glass wall pyrolysis tube was added methyl 
methacrylate (750 mg, 7.5mmol, 1.5 equiv). This mixture was heated for 
5 days. Then another 1.5 g of methyl methacylate was added (15 mmol, 
2 equiv) and heating continued for 4 more days. The mixture was 
transferred to a round bottomed flask and the volatile component 
removed under reduced pressure. The residue was chromatographed 
(80/20 hexane/ethylacetate) and a lower Rf spot (530 mg, UV active on 
fluorescent treated silica gel plate) was isolated. 

lH NMR (400 MHz, CDCI3) 5 1.25(d,3H, J=7 Hz); 1.9-2.0 (m, 1H); 2.1- 
2.17(m, 2H); 2.1-2.17(m, 1H); 2.6-2.7 (m, 1H); 3.68-3.75 (m, 1H); 3.75- 
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25 



30 



Hn ... _ 1 " Benz > rl - 3 - meth y 1 -1.3,4,5,7,8-hexahydro-pyranor4 3- 

0 2 oTt , ^ was P^surized to 60 psi and shaken for 
0 20 h. The catalyst was filtered and the filtrate reduced in voiITu 
separate spots were observed bv TLC (fiSnTu- 7,1166 

; J H NMR (400 MHz, CDC1 3 ) 8 1 30 fdlH T-7 h ^ 1-7,0 

(d,lH, J=12 Hz)- 3 926 M m i V. Jv , ft 6 ' J=2 3 77 
Hz); 7.2.7.357m, S £ * ' ' =I5 ** 3 9 ° 1H): 5 27 <* «* *■« 

Step!?; VMrflni-wftiwinHi, i^w ^tTMIn ? n nr 

Teflon stirrer bar easi^^T^ ™? 5 3 - neck fitted «*» » 

aim me resultant solution extracted with CHor-H tk- „ 
layer was dried over M^n^ j ^ ^ <- H 2<-r2. Trie organic 
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lH NMR (400 MHz, CDCI3) 6 1.18 (d,3H, J=10 Hz); 1.7-1.85 (m, 4H); 
2.0-2.1(m, 1H); 2.35.2.45 (m, 1H); 3.35-3.4 (m, 1H); 3.5-3.6(m, 1H); 
3.62 (dd,lH, J=12 Hz, J=3 Hz); 3.77(d,lH, J=12 Hz); 3.75-3.80 (m, 1H). 

5 Ste pE: 2-Methoxv-3-met hv1-hexahvdro-cis frtfnpvranoA4.3-fr /pyridine 

3-Methyl-octahydro-cis-pyrano[4,3-b]pyridin-2-one (22 mg, 
0. 14 mmol) was converted to the imino ether by the method as previously 
described in step E of example 1 16 to recover 20 mg of product 

10 

lH NMR 200 MHz(CDCl3) 8 1.14(d,3H, J=7 Hz); 1.3-1.5 (m, 1H); 1.6- 
1.9 (m, 5H); 2.2-2.4(m, 1H); 3.37 (dt, 1H, J-12 Hz, J=2 Hz); 3.5-3.62 (m, 
1H); 3,61 (s, 3H); 3.6-3.7(m, 1H); 3.8-3.9 (m, 1H). 

15 Step F: 2-Imino-3-Methvl^tahvdro-cis-pvranoM.3-fc7-Pvridine 

hydrochloride 

2-Methoxy-3-methyl-hexahydro-cis (4H)pyrano[4,3- 
bjpyridine (20 mg, 0.1 mmol) was converted to the above compound as 
20 prevously described in step F of example 1 16. 

lH NMR (400 MHz, CD3OD) 6 1.18-1.25 (m, 1H); 1.36 (d,3H, J=7 Hz); 
1.7-1. 90m, 4H); 2.0-2.1 (m, 1H); 2.8-2.9(m, 1H); 3.425 (dt, 1H, J=12 Hz, 
J=3 Hz); 3.65-3.7 (m, 1H); 3.6-3.7(m, 1H); 3.7-3.8 (m, 2H); 3.9 (m, 1H). 

25 

Mass Spectrum (M+ 1 )= 19 1 . 



30 



EXAMPLE 122 
CH3 

^^^fsl NH HCI 



25 



30 
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2-Imino^mgthYl-^Tahvdro-pvrano^.5-/>7 P vrirfin e hvdmrhiorj^ 

Step A; 1-ftffn7;y1-4-mfthvl-1. 3.4.5.7 8-h e x a hvHro- rvn M1 oM ^hi ryj i ^ n . 
2-pne 

5 

To a solution of benzyl-(tetrahydro-pyran-4-ylidene)-amine, 
(5.0g, 26 mmol) in a glass wall pyrolysis tube was added methyl 
crotonate (40g, 260 mmol, lOequiv) and heated for 7 days. The mixture 
was transfered to a round bottomed flask and the volatile component 
10 removed under reduced pressure. The mixture was chromatographed 
(75/25 hexane/ethylacetate) to give three spots. The hightest Rf material 
was the Michael addition adduct of benzyl amine to methyl crotonate 
The next lower Rf spot is 4-methyH,3,4,4a,5,7-hexahydro-pyrano/4, 3- 
&7pyndm-2-ylidene-amine, the 8,8a unsaturated analog of the bicyclic 
pyran while the lowest Rf product is the desired intermediate (900 mg, 
3.5 mmol) 

lH NMR (400 MHz, CDC1 3 ) 8 1.02 (d,3H, J=6 Hz); 2.1-2.2 (m, 1H)- 
2.25-2.35(m, 3H); 2.70 (dd,lH, J=12 Hz, J=6 Hz); 3.65-3.70 (m*. 1H)' 
3.75-3.85 (m, 1H); 4.10 (q, 2H, J=14 Hz); 4.65 (d,lH, J=16 Hz); 5.01 
(d,lH, J=16 Hz); 7.1-7.3 (m, 5H). 

Step B; 4-Mffhvl-l 3 4 5 7 8-h e > a hvrirn. rYrannM i-hi^^ -r w r 

l-BenzyI^4-methyl-l,3,4,5,7,8-hexahydro-pyrano/<5- 
*7pyridin-2-one (800 mg, 3.2 mmol) was debenzylated according to the 
the method of example 121, step D to recover 190 mg of product. 

lH < 400 MHz, CDCI3) 8 1.02 (d\3H, J=6 Hz); 2.14 (m, 2H); 2.27- 
2.35(m, 2H); 2.61 (dd,lH, J=12 Hz, J=6 Hz); 3.81(t, 2H, J=9 Hz); 4.10 
(q,2H,J=14hZ). 



15 



20 



SteP C; 4-MPthvI-QCtahvdro-cis-pvn.no^ ^ fovridin-?.™^ 
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4-Methyl-l,3,4,5,7,8-hexahydro-pyrano[4,3-b]pyridin-2-one 
(210 mg, 1.25 mmol) was hydrogenated using 5% rhodium on alumina as 
prevously described in example 121 step C for l-benzyl-3-methyl- 
octahydro-cis-pyrano[4,3-b]pyridin-2-one. Recovered 61 mg of product. 
5 The NMR indicated approximately a 9/1 ratio of the pVce 4-methyI 
product 

*H NMR (400 MHz, CDCI3) 5 0.99 (d,3H, 3=6 Hz); 1.53 (d, 1H, 1=18 
Hz); 1.95-2.1 (m, 4H); 2.34 (dd,lH, J=18 Hz, J=6 Hz); 3.44 (t, 1H, J=12 
10 Hz); 3.53 (t, 1H, J=12 Hz); 3.7-3.78 (m, 2H); 3.80 (dd, 1H, J=12 Hz, 
J=5 Hz); 6.35 (bs, 1H). 

StegP; frMethoxv-4-methvl-hexahvdrn.Hs. tran«f4H^pvr».nnf4^- 
blpvridine 

15 

4-Memyl-c«tahydro-cis-pyrano[4,3-b]pyridin-2-one (60 
mg, 0.35 mmoL) was converted to the above compound as previously 
described in step E of example 1 16 for 2-methoxy-hexahydro-quinolin- 
7(8H)-one-7-ethyleneketal. A mixture of cis and trans ring junction 
20 derivatives was isolated. (20 mg). 

lH NMR (400 MHz, CDCI3) 6 0.95 (d, 3H, J=7 Hz); 1.01 (d, 3H, J=7 
Hz); 1.36 (d,3H, J=7 Hz); 3.69 (s, 3H); 3.74 (s, 3H). 

25 Step E; 2-Trnino-4-methv1-octahvrfm- PY r ano/4. ?-/>fr Yririinf 
hydrochloride. 

2-Memoxy-a,pM-methythexahydro-cis,trans(4H)pyrano- [4,3- 
bjpyridine (20mg) was converted to the above compound as prevously 
30 described in example 1 16,step F. 



lH NMR (400 MHz, CD3OD) 6 1.09(d, 3H, J=7 Hz); 1.03 (d,3H, J=7 
Hz). 
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Mass Spectrum m/e = 168.(M+1) 



EXAMPLE 123 

5 



NH HOAc 

2-Imino-4-Methvl-1 .3.4.5.7.8-hexahvdrc~pvranoA4.3-fr /pyri dine, acetic 
acid salt 

10 

Step A; 2-Methoxv-4-methvl-3.S.7.8-tetrahvdro -4H-pvranor4.3- 
blovridine 

4-Methyl- 1 ,3,4,5 ,7,8-hexahydro-pyrano[4,3-b]pyridin-2-one 
15 (42 mg, 0.25 mmoL), obtained in step A example 122, was converted to 
the above compound as previously described in example 116 step E. 

lH NMR 400 MHz(CDCl3) 8 0.92 (d,3H, J=7 Hz); 2.1-2.15 (m, 2H); 
2.2-2.6(m, 3H); 3.30 (d,lH, J=12 Hz); 3.80(s, 3H); 4.05-4.2(q, 2H, J=16 
20 hZ). 




StCT B; 2-Imino-4-Memv1-1.3A5.7.8-h e xahvdro-pyr a no M.5-fe /pyridine 
acetic acid salt 

25 2-Memoxy-4-memyl-3,5,7,8-tetrahydK)-4H-pyrano[4,3- 
bjpyridine (16 mg, 0.1 mmoL) was converted to the above compound as 
prevously described in example 116 step F. 

lH NMR (400 MHz, CD3OD) 8 1.044(d, 3H, J=7Hz); 1.93 (s, 3H, 
30 acetate protons); 2.2-2.3 (m, 2H); 2.4-2.47 (m, 1H); 2.56 (dd, 1H, J=12 
Hz, J=6 Hz); 3.94 (dd,lH, L=16 Hz, J=5 Hz); 3.33(dd, 1H, J=9 Hz, 
J=2Hz); 3.84 (t 1H, J=5 Hz); 4.1-4.23(m, 1H). 
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10 



25 



Mass Spectrum m/e =167.(M+1) 

EXAMPLE 124 

Cj^nh hci 

CH 3 

2-Imino-l-methvl-piperidine hydrochloride 

This compound was prepared according to the procedure 
described by Rama Rao et aim Syn. Comm.: 18, 877-880 (1988). 



lH NMR (400 MHz, CD3OD): 6 1.89 (m, 4H); 2.62 (t, 2H); 3.14 (s, 3H); 
15 3.53 (t, 2H). 

Mass spectrum m/e = 1 14 (M+l) 



20 EXAMPLE 125 

a 



N-( 1 -Benzvl-2-piperidinvlideneVN'-f phenvl)-urea 

Step A; 2-Imino-l-benzvl-piperidinetetrafluoroborate 

To a solution N-benzyl-valerolactam (1.3 g, 6.87 
mmol) in methylene chloride (25 mL) was added trimethyloxonium 
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tetrafluoroborate (1.12 g, 7.57 mmol). The reaction mixture was stirred 
overnight at room temperature under a nitrogen atmosphere. Dry 
ammonia gas was then bubbled through the reaction mixture for one 
hour, and the mixture was allowed to stand for an additional hour at room 
5 temperature. The mixture was evaporated under diminished pressure and 
dried in vacuo. The crude product was used without further purification 
in Step B. 

Step B: N-(l-Benzyl-2-piperidipy|idene)-N'-(phepyl)-yrea 

10 

The fluoboric acid salt from Step A was treated with 
several mL's of 50% sodium hydroxide, and the free 2-imino- 1 -benzyl- 
piperidine was extracted with benzene. The benzene layer was decanted, 
dried (K2CO3), and evaporated to give an oil. 300 mg of the resulting oil 

15 was dissolved in methylene chloride (2.5 mL) and treated with 1,8- 
diazabicyclo[5.4.0]undec-7-ene (204 uL, 1.36 mmol) and phenyl 
isocyanate (148 JlL, 1.36 mmol). The reaction mixture was stirred 
overnight at room temperature, diluted with methylene chloride, washed 
with 2 H hydrochloric acid, saturated sodium hydrogencarbonate 

20 solution, saturated brine solution, dried (Na2S04), and evaporated. The 
product was crystallized from ethyl acetate; yield 150 mg. 

lH NMR (400 MHz, CDCI3): 5 1.76 (m, 4H); 3.04 (t, 2H); 3.25 (t, 2H); 
4.78 (s, 2H); 6.93-7.34 (m, 10H). 

25 

Mass spectrum m/e = 308 (M +1). 

EXAMPLE 126 

30 
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N-(2-Piperidinv1idene^N'-r P hftnvTViiiY. fl 

N-(l-Benzyl-2-piperidinylidene)-N , -(phenyl)-urea (70 
5 mg, 0.228 mmol, from Example 125) in glacial acetic acid (2 mL) was 
hydrogenolyzed in the presence of 10% Pd/C (30 mg) for 8 h. The 
catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 u.m). The filtrate was evaporated and coevaporated several 
times with toluene. The product was purified by flash silica gel 
10 chromatography eluting with 1-5% methanol/CH2Cl2; yield 15 mg. 

lH NMR (400 MHz, CD3OD): 5 1.85 (m, 4H); 2.59 (br m, 2H); 3.50 (br 
m, 2H); 7.05 (t, 1H); 7.28 (t, 2H); 7.50 (d, 2H). 

15 Mass spectrum m/e = 218 (M +1). 



25 



EX A MPT ,F. 17 7 



20 CH30 

N-ri-f^Methoxybenzyn^-nip-riHinvi^ pnel-N'-rph^nvn-n^ ^ 
Step A; 2-Tmjno-T-r4-methoxvhen7vn-DiDeridin ft tftt rafluorohnra*. 



This compound was prepared in a similar manner as in Step 
A of Example 126. The crude product was used without further 
purification in Step B. 

30 Step B; N-ri-f^MgtflQXYbfnzvn^-pineridinvTidenel-N'-rphpnvn-n^ f, 
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The fluoboric acid salt from Step A was treated with several 
mL's of 50% sodium hydroxide, and the free 2-imino-l-(4- 
methoxybenzyl)-piperidine was extracted with benzene. The benzene 
layer was decanted, dried (K2CO3), and evaporated to give an oil. 300 
5 mg of the resulting oil was dissolved in methylene chloride (2 mL) and 
treated with l,8-diazabicyclo[5.4.0]undec-7-ene (204 nL, 1.36 mmol) 
and phenyl isocyanate (148 nL, 1.36 mmol). The reaction mixture was 
stirred for 2 hours at room temperature, diluted with methylene chloride, 
washed with 2 N hydrochloric acid, saturated sodium hydrogencarbonate 
10 solution, saturated brine solution, dried (Na2S04), and evaporated. The 
product was purified by flash silica gel chromatography eluting with 30% 
ethyl acetate in hexane; yield 127 mg. 

lH NMR (400 MHz, CDCI3): 5 1.73 (m, 4H); 3.03 (t, 2H); 3.22 (t, 2H); 
15 3.79 (s, 3H) 4.70 (s, 2H); 6.83-7.27 (m, 9H). 

Mass spectrum m/e = 338 (M +1). 



20 EXAMPLE 19R 

HN^O 



o 1 



2-Imino- 1 -fhenzvlaminocarhn nvl VpiperiHinft 

25 

To a mixture of 2-imino-piperidine hydrochloride (250 mg, 
1.86 mmol) in acetonitrile (8 mL) cooled in an ice-bath were added 1,8- 
diazabicyclo[5.4.0]undec-7-ene (277 ^L, 1 .85 mmol) and benzyl 
isocyanate (229 UL, 1.85 mmol). The reaction mixture was stirred 
30 overnight at room temperature and then evaporated. The product was 
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purified by flash silica gel chromatography eluting with 2-3% 
methanol/CH2Cl2- 

lH NMR (400 MHz, CD3OD): 5 1.78 (m, 4H) 2.37 (m, 2H); 3.39 (m, 
5 2H); 4.34 (s, 2H); 7.18-7.31 (m, 5H). 

Mass spectrum m/e = 232 (M + 1). 



Step A; Cis-hexahvdro-1 4-benzox a 7.in-V4HVnn» ; 

A mixture of 2H-l,4-benzoxazin-3(4H)-one (lg) and 
platinum oxide (0.5g) in 50 mL of glacial acetic acid was hydrogenated 
on Parr shaker at room temperature and 50 psi for 2 days. The catatlyst 
was filtered and washed with acetic acid. The filtrate was concentrated to 
give the desired lactam as white solid after purification on silica gel using 
2% methanol in ethyl acetate as solvent 

Step B; Ci??-Octahvdro-3-imino-2H-l.4-h ft n zox fl 7in e hvrWhin|j rij» 

The title compound was prepared according to the method 
described in Examples 2 and 3. 



30 lH NMR (D6-DMSO): 4.52(m,2H); 3.88(m,lH); 1.16-1.8(m,8H) 



10 



EXAMPLE 129 




Cw-CMahvdro-3-imino-2H-1.4-ben7ox a zi n ehvdrochlnrid e - 



15 



EXAMPLFnn 
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a. 



5 



*fl^NH HCI 

2-Iminoninerazine hvH rn rh1flritif 
Step A: 2-Ketnpip»r ?17 ;i nr 



10 



15 



A solution of 10.2 g (81 mmol) of ethyl chloroacetate in 50 
mL of ethanol was added dropwise over 1 hr to a solution of 30 g (0 5 M) 
of ethylene diamine in 125 mL of ethanol at room temperature. The 
mixture was stirred 3 hrs and 4.4 g (81 mmol) of sodium methoxide was 
added and the mixture was stirred additional 4 hours. The resulting 
voluminous white precipitate was filtered and the filtrate was 
concentrated to give oily residue which was heated at 200 <>c (bath 
temperature) for 5 mins with a wide distillation head. A solid deposited 
hi the distillation head during the distillation. After 1.5 hrs of distillation 
distillation head was washed with methanol to remove the desired 
product Methanol washes were concentrated to give a crude product 
which was purified on silica gel using 5:2 mixture of 
chloroform:methanol as solvent to provide 2.3 g of the desired product as 
yellow solid. y 

1H NMR (DMSO): 2.74(m,2H); 3.1(m,2H); 3.13(s,2H); 7.58(b, 1H) 
25 Step B; 4-t-Rutoxv Ca rhn T1 Yl - 2-k e rnpip »r a7 i nr 

A mixture of 500 mg (5 mmol) of 2-ketopiperazine, 1.2 g 
(5.5 mmol) of t-butyldicarbonate and 2 g of sodium chloride in 7.5 mL of 
water and 10 mL of chloroform was heated to reflux 4 hrs. The reaction 
30 mixture was cooled to room temperature and extracted with ethyl acetate 
The combined ethyl acetate extracts were dried over anhydrous 
magnesium sulfate . Solvent removal gave a crude product which was 



20 
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purified on silica gel using 5% methanol in ethyl acetate as solvent to 
give 925 mg of the desired carbamate lactam as white solid. 

*H NMR (CDCI3): 1.46(s,9H); 3.37(m,2H); 3.62(m,2H); 4.08(s,2H) 

5 

Step C; 4-t-Butoxvcarbonvl-2-iniino piperazine hydrochloride 

The title compouind was prepared according to the 
procedure described in Examples 2 and 3. 

10 

lH NMR (DMSO): 1.42(s,9H); 3.35(m,2H); 3.52(m,2H); 4.32(s,2H); 
8.75(b,lH); 9.04(b,lH); 10.05(b,lH). 

Step D: 2-Imino ninerarine hydrochloride 

15 

Hydrogen chloride gas was bubbled through 6 mL of ethyl 
acetate at 0 °C for 3 mins. Solid 4-t-butoxycarfjonyl-2-imino piperazine 
hydrochloride (36 mg) was added and the mixture was stirred overnight 
at room temperature.. Solvent and hydrochloric acid gas were evaporated 
20 in vacuo to give 24 mg of the desired imino piperazine hydrochloride as 
white solid. 

lH NMR (DMSO): 3.35(3H); 3.54(m,2H); 4.12(s,2H); 8.98(b,lH); 
9.3(b,lH); 10.16(b,lH) 

25 

EXAMPLE 131 

A 

|^^NH HCI 

30 

4-Methvl-2-iminonipera2ine hy drochloride 
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StCP A; 4-Methvl-2-oxo-i>inera2ine hvrfmrhlnriHiv 

4.4 g (100 mmol) of ethyleneimine was added to 7.8 g (66 
mmol) of sarcosine ethyl ester with stirring at 60 °C. The mixture was 
5 then heated 1 day at the same temperature. Volatile materials were 
removed in vacuo and the residue was purified on silica gel using 
methanol/ethyl acetate gradient mixtures to give the tide compound. 

*H NMR (CDC13): 3.35(2H); 3.06(2H); 2.58(2H); 2.32(3H) 

10 

The hydrochloride salt was prepared by adding ethereal 
hydrochloride solution to a solution of the above tertiary amine and 
stirring the mixture for 1 hour. The resulting solid was filtered and 
washed with ether and dried. 

15 

Step P; 4-Mftthvl-?-mrthoxv-3.4^.6-tet ra hvdrn pvr? 7 j m 

A mixture of 1.505 g (lOmM) of 4-methyl-2-oxo-piperazine 
hydrochloride from step A and 3.0 g (20 mM) of trimethyloxonium 

20 tetrafluoroborate in 150 mL of chloroform was stirred for 4 days at room 
temperature under nitrogen. Excess saturated sodium bicarbonate was 
added and stirred 30 mins. The organic layer was separated and the 
aqueous layer was extracted with ethyl acetate. The combined organic 
layers were dried over anhydrous magnesium sulfate. After filtration the 

25 solvent was removed to give a mixture of the tide compound and 4- 
methyl-piperazin-2-one as an oil. 

lH NMR (CDC13): 3.64(s,3H); 3.36 and 3.56(4:1 l)(m,2H); 3.08 and 2.9 
(4:ll)(s,2H); 2.6 and 2.4 (4:ll)(m,2H); 2.33 and 2.3(6: 16.5)(s,3H) 

30 

Step C; 4-Mftthv1-?-iminopiperazine hydrochloride, an d 4-ivfethvi-9.n ? f n . 

Piperazine hvrfTTKhlftridf j 
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This compound was prepared from 4~methyl-2-methoxy- 
3,4,5,6-tetrahydro pyrazine according to the procedure of example 3. 
This product was contained some 4-methyl-piperazin-2-one which was 
present in the starting material. 

5 

lH NMR (CD30D): 2.92 and 2.43 (s,3H); 3.8 and 3.42(s,2H); 2.75 and 
3.56(t, 2H); 3.45 and 3.8(t,2H) 



10 EXAMPLE 132 

— £j'^NH HCI 
2-InHno-decahvdro-C«-Quinoxaline dihvHmrhlo^^^ 

15 

Step A: nec fl >ivri T o-2(1HV^iiinT a 1inr !nft 

To a solution of 2.28 g (20 mmol) of cis-1,2- 
diaminocyclohexane in 100 mL of water, 1.74 g (30 mmol) of glyoxal 
20 was added. After stirring for 4 h the reaction mixture was filtered and the 
filtrate was concentrated in vacuo. The residual oil was absorbed on a 
flash column and the column was eluted with 50% EtOAc/hexane, 10% 
MeOH/EtOAc and 50% MeOH/EtOAc to isolate 1.19 g of the title 
compound as an oil. 

25 

Step B; 4-^P^1rY1oxv^arbonvl-decahvd^o-2r1HV T 1innT a t^n^ 1 , 

A solution of 1.19 g (7.72 mmol) of decahydro-2(lH)- 
quinxalinone in 10 mL of saturated NaHC03 was treated with 2.2 g (10 
30 mmol) of di-tert-butyl dicarbonate. After stirring for 2 h the reaction 

mixture was extracted with EtOAc and the EtOAc layer was washed with 
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brine and dried. The filtrate was concentrated and the residue was 
purified on a flash column to isolate 0.667 g of the title compound. 

Step C; 4-t-Butv1oxvcarbonvl-2- me thnxv-3.4.5.6 7 8 5a.8. a -nrt a hvrf™. 
5 ouinoxalinnne, 



To a solution of 0.254 g (1 mmol) of 4-t-butyloxycarbonyl- 
decahydro-2(lH)-quinoxalinone in 3 mL of CH2C12 was added 0.191 g 
(1.3 mmol) of trimethyloxonium tetrafluoroborate and the mixture was 
10 stirred overnight. The reaction mixture was partitioned between saturated 
NaHC03 and CH2C12. The organic layer was washed with water, brine 
dried and concentrated. The residue was chromatographed using 20% 
Et20-hexane as an eluent to isolate 0. 124 g of the title compound. 

15 Step P; 4-t-Rmoxv-2-imino-d eca hvHrn-rip- 1v i n ^ nT jT1 r 

A solution of 0.123 g (0.45 mmol) of 4-t-Butyloxycarbonyl- 
2-memoxy-3,4,5,6,7,8,5a,8,a-octahydrc-quinoxalinone in 3 mL of EtOH 
containing 22 mg (0.41 mmol) of NH4C1 was heated to reflux. After 3 h 
20 at reflux the reaction mixture was concentrated, the residue was triturated 
with Et20 and the solid was filtered and dried to isolate 0.055 mg of the 
title compound. 



25 



Step E; 2-Tmino-decahvdro-cis-qiiinn Tf 1 ij n r 



To 46 mg of 4-t-butoxy-2-immo-decahydrc-cis-quinoxaline 
3 mL of EtOAc saturated with HC1 was added. The reaction turned clear 
momentarily and another solid was formed. After 30 min the solid was 
filtered washed with Et20 and dried to furnish 32 mg of the title 
30 compound. 

lH NMR (D20): 1.50 (br s, 3H), 1.66 (br s, 1H), 1.89 (br s, 4H), 3.92 
(m, 1H), 4.0 (m, 1H), 4.37 (s, 2H) 
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5 



10 



20 



EXAMPLE 133 
*[J^NH HCI 

2-Imino-decahvdro-rrflfL?-quinoxalinedihvdrochloride 



ax 



The title compound was prepared by the procedure of 
example 132 starting with ti^s-l,2-diarninocyclohexane. 

lH NMR (D20): 1.3-1.6 (m,4H), 1.8-1.9 (m, 2H), 2.16 (t, 2H), 3.3 (td, 
1H, J = 1 1 and 4 Hz), 3.55 (td, 1H, J = 1 1 and 4 Hz), 4.41 (ABq, 2H) 



15 EXAMPLE 134 

x\ 

CHa^^^NH HCI 

4-6-PimethYl-2-imino-piperazine hydrochloride 
Step A; 4.6-Dimethv1-2-keto- ? ipera7>in ft 



A solution of 0.8 mL (10.2 mmol) 2-methylaziridine (90%), 
0.998 g (1 1 .21 mmol) of sarcosine and 30 mg of NH4CI in 4 mL of water 
25 was heated to 100 °C in a sealed tube for 2 h. The mixture was allowed 
to stand overnight, then concentrated in vacuo. The residue was purified 
by chromatography using 30% MeOH-EtOAc to yield 0.637 ~ (49%) of 
the desired product. 
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lH NMR (CDC13): 1.13 (d, 3H), 2.03 (m, 1H), 2.28 (s, 3H), 2.77 (m, 
2H), 3.23 (d, 1H), 3.62 (br s, 1H), 6.8 (br s, 1H). 

SteP B; 4.6-Pimethvl-ninerazin-2-thinnp. 

To a solution of 1.01 1 g (5.09 mmol) of 4,6-dimethyl-2- 
keto-piperazine in 25 mL of dioxane, 4.704 g (56 mmol) of NaHC0 3 and 
1.56 g (3.56 mmol) of phosphorus pentasulfide were added and the 
mixture was heated in a 70 <>C bath. After 6 h the reaction was cooled, 
quenched by adding water (gas evolution) and stirred overnight. The 
solution was extracted with EtOAc. The EtOAc layer was washed with 
brine, dried and concentrated. The residue was chromatographed using a 
gradient of 0-10% MeOH/EtOAc to isolate 91 mg of the desired product. 

Step G 4-6-nimethvl-2-imino-nip e r a7 in ft h ydrochloric 



Ammonia gas passed through a THF (5 mL) solution of 72 
mg (0.499 mmol) of 4,6-dimethyl-piperazin-2-thione kept in a 50 °C bath 
for 5 min. To this solution 149 mg (0.55 mmol) of HgCl 2 was added and 
the reaction was heated to 50 °C for 15 min after it turned black. The 
solution was filtered through a pad of celite and the pad was rinsed with 
MeOH. The combined filtrate was concentrated and the residue was 
purified on a flash column using MeCN followed by 70:2:1 mixture of 
MeCN:H20:HOAC to isolate 30 mg of the title compound. 

lH NMR (CD30D): 1.25 (d, 3H), 1.9 (s, 3H), 2.27 (dd, 1H), 2.9 (dd, 
1H), 3.22 (d, 1H), 3.45 (d, 1H), 3.72 (m, 1H). 

Mass spectrum m/e = 127 



EXAMPLE 
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- Xv ~ x ^'^'NH HCI 

?-Tminn^methvl-6-f2- mftthv1propv1V5-oxo-piperazinchvdroch)ori4g 

5 Step A: N-t-Butvloxvcarb nnvlglvcinvlsarcosine ethvl ester 

To a solution of 0.629 g (3.59 mmol) of t- 
butoxycarbonyoxyglycine in 8 mL of CH2CI2 0.58 g (4.31 mmol) of 
hydroxybenztriazole,0.87 mL (7.9 mmol) of N-methylmorpholine and 

0 0.826 g (4.31 mmol) of EDAC were added. After 10 min 0.607 g (3.95 
mmol) of sarcosine ethyl ester hydrochloride was added and the mixture 
was stirred overnight. The reaction was poured into water and extracted 
with CH2CI2. The organic layer was washed with brine, dried and the 
filtrate was concentrated. The residue was purified on a flash column 

5 eluting with 50% EtOAc-hexane to obtain 0.985 (96%) of N-t- 
butyloxycarbonylglycinylsarcosine ethyl ester. 

StepB: l-Methvl-2.5-diketopiperazine 

0 A solution of 0.942 g (3.43 mmol) of N-t- 

butyloxycarbonylglycinylsarcosine ethyl ester in 10 mL of EtOAc was 
saturated with HCI gas. After stirring for 1 h the solution was 
concentrated in vacuo to leave a white solid. The solid was dissolved in 
10 mL of EtOH, 0.474 g (3.43 mmol) of powdered K2CO3 was added 

5 and the mixture was heated in a 60 °C bath overnight. The solid was 
filtered and rinsed with EtOH and the combined filtrate was concentrated 
to leave a solid. The solid was washed with ether and dried to furnish 
0.499 g of the title compound. 



lH NMR (CDC13): 2.98 (s, 3H), 3.97 (s, 2H), 4.02 (s, 2H), 6.23 (br s, 
1H). 
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Step C: 2-Methoxv-4-metfavl-3.4-dihvd ro-Sf6HVpvrazinone. 

Treatment of l-methyl-2,5-diketopiperazine with 
trimethyloxonium tetrafluoroborate as described in example 132 step C 
5 gave the title compound. 

Step D; 2-Methoxv-4-methvl-6-(2-methvlpropvn-3. 4-dihvdro-5f6HV 
pyrazinone, 

10 To a solution of 0. 1 7 1 g (1 .2 mmol) of 2-methoxy-4-methyl- 

3,4-dihydro-5(6H)-pyrazinone in 6 mL of THF cooled in a -78 °C bath, 
0.72 mL (2M in THF, 1 .44 mmol) of LDA was added. After 1 0 min 0. 1 7 
mL (1.56 mmol) of l-bromo-2-methylpropane was added and the 
solution was allowed to warm to room temperature over the next 2 h. 

15 After stirring for 0.5 h the reaction was quenched by adding water and the 
mixture was extracted with EtOAc. The EtOAc layer was washed with 
brine, dried and the filtrate was concentrated. The residue was purified 
on a flash column using a gradient of 30-50% EtOAc-hexane to isolate 
0.1 g (42%) of the title compound. 

20 

lH NMR (CDQ3): 0.91 (d, 3H), 0.94 (d, 3H), 1.4-1.9 (m, 3H), 2.93 (s, 
3H), 3.69 (s, 3H), 3.81 and 3.94 (ABq, 2H), 4.09 (m, 1H). 

StepE: 2-Imino-4-methvl-6-r2-methvlpropvn-5-oxo- piperazine 

25 

A solution of 0.1 g of 2-methoxy-4-methyl-6-(2- 
memylpropyl)-3,4-dihydro-5(6H)-pyrazinone in 1 mL of EtOH was 
reacted with NH4C1 as described in example 132 step D to furnish the 
title compound. 

30 

lH NMR (CD30D): 0.96 (d, 6H), 1.6-1.9 (m, 3H), 3.0 (s, 3H), 4.1 1 (t, 
1H), 4.47 and 4.61 (AB q, 2H). 



Mass spectrum m/e = 184 (M+l) 
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EX AMPLE 136 




H NH HCI 

4-Benzvloxvcarbonvl-2-imino-f 1 .2.3.4ttetr ahvdro-quinoxaline 
hydrochloride 

10 Step A: 3.4-Dihvdo-2MHWpiiii«nl«n«. 

To a solution of 1.2 g (8.2 mmol) of 2-hydroxyquinoxaline 
in 10 mL of EtOH, 220 mg of PtC>2 was added and the solution was 
hydrogenated on a Parr apparatus overnight The catalyst was filtered 
15 and washed with EtOH and the filtrate was concentrated to yield 1 . 17 g 
(96%) of the title compound sufficiently pure for use without 
purification. 

lH NMR (CDC13): 3.97 (s, 2H). 6.6-6.9 (m, 4H), 8.1 (or s, 1H). 

20 

Step B; 4-Benzvloxvcarbonv1-3.4-dihvdro-2(lH Vquinaxo1one 

A solution of o.41 g (2.77 mmol) of 3,4-dihydo-2(lH)- 
quinaxolone in 5 mL of CH2C12 and 5 mL of saturated NaHC03 was 
25 treated with 0.44 mL (3.05 mmol) of benzylchloroformate. After stirring 
for 4 h, the reaction was diluted with CH2C12. washed with water, brine 
and dried. The filtrate was concentrated and the residue was 
chromatographed using 30% EtOAc-hexane to isolate 0.31 g of the 
desired product. 

30 
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lH NMR (CDC13): 4.44 and 4.58 (2s, 2H), 5.24 and 5.28 (2s, 2H), 6.8- 
7.4 (m, 9H). 

StepC: 4-Benzvloxvcarbonvl-2-imino-(1.2.3.4)tetrahvdro-g uinoxaline 
5 hydrochloride 

The 4-benzyloxycarbonyl-3,4-dihydro-2(lH)-quinaxolone 
obtained in step B was subjected to the reactions described in example 
134 steps B and C furnished the tide compound. 



10 



15 



lH NMR (CD30D): 4.31 (s, 2H), 5.23 (s, 2H), 6.9-7.5 (m, 9H). 
Mass spectrum m/e = 282 (M+l) 

Example 137 

O^CH 3 



OCX 



H 



•NH HCI 



20 4-Acetvl-2-imino-fl.2.3.4^tetr a hvdm-qiiin ox a li ne hydrochloride 

Step A; 4-Acetv11-3.4-dihvdm-2nHV n U inaxo1one 

A solution of 0.212 g (1.43 mmol) of 3,4-dihydo-2(lH)- 
25 quinaxolone (example 136, step A) in 7 mL of CH2CI2 was treated with 
0.12 mL (1.72 mmol) of acetyl chloride and 0.26 mL (1.86 mmol) of 
Et3N. After 2 h another 0.04 mL of acetyl chloride was added to 
complete the reaction and the solution was partitioned between water and 
CH2C12. The CH2CI2 layer was washed with brine, dried and 
30 concentrated. The residue was purified by chromatography. 
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Step B; 4-ArrtYl-?-imino-n.2 a A^ hY drn ^ uin?vmj]T 

^ the method of example 134 steps B and C furnished the tide compound. 
J H NMR (CD30D): 2.24 (s, 3H), 4.5 (s, 2H), 7.0-7.5 (m, 4H). 
Mass spectrum m/e = 189 (M+l) 

10 

EXAMPT.F. 

CC"X 

^^fl^NH HCI 

15 2-Im i nM-mrfhYT-degahvdrf>-rrr>nr. 0 uinn Ya Hn f nmf r ^ ^ 
Stsp A; 4^mffhvl-<vtihvdrn-rr a nc- ?nm _ niTjnTTTrnlni1r 

9ft „ • , I? 0 ' 53750 ^-^ 10 ^^ 

ac^^fT ^^P 1 * 133), 10 mL of EtOAc saturated with HQ gas was 
added. After stming for 2 h the solvent was removed in vacuo to Jve 
0.483 g of a brown solid. 6 

25 MeOH h i T °t a ^ Uti0n ° f °* 147 g (0 ' 77 mmrf > of soU d in 5 mL of 
oflO^PtfC ^^^^^-olution) was added 50 mg 
of 10 % Pd/C and the mixture was hydrogenated under 41 psi for 3 h 
^e catalyst was filtered through a pad of celite and the pad washed ' 



with 

„iu uic miraie was concentrated to yield 0.325 g of the title 
compound. 

30 
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Mass spectrum m/e = 168 (M+l) 



10 EXAMPTt?po 



a 

fl^NH HCI 



15 3-Iminothiomomhniin. h YTfTTr h lTTrif1r 
sten a- ThifTmnrlinlin ^ m 



20 



25 



30 



mnn «f .u i u ; S ( 5 mol) of e %leneimine was added to 12 e ro 1 
mol) of ethyl thiol acetate with stirring at 60 o C After V u 
mixture was heated for 2 5 h at th* . . Atter ^ addition, the 

allowed to cool torcZ, , ^ tem P erature - * was then 

lH NMR (CDCl3) ' 2 - 8 ^H); 3.28( S .2H); 3.62( m ,2H); 6.62(b,lH) 
StcpB; Thinm nT h»| itl --» Thjnn r 

sir *^^-^J2rsrr to 

^oved to g,vc a residue. This was taken „ p in methyiene "nCde and 



WO 96/14844 



PCT/US95/14812 



- 191 - 

applied on silica gel column and eluted with ethyl acetate containing 
methylene chloride (10%). The desired thiomorpholin-3 -thione in 65% 
yield as solid. 

5 lH NMR (CDQ3): 2.90(m,2H); 3.62(m,2H); 3.76(s,2H); 8.65(b,lH) 

Step C: 3-Imino thiomorpholine hydrochloride 

The title amidine was prepared from thiomorpholin-3-thione 
10 according to the procedure of example 43 step F. 

lH NMR (DMSO): 2.92(m,2H); 3.52(m,2H); 3.62(s,2H); 8.85(b,lH); 
9.28(bJH); 9.9(b,lH) 



15 



EXAMPLE 140 



C 8 ! 

^^-"^"^NH HCI 

20 3-Imino-5-propvl-thiomorpho1ine 

Step A: 2-Butoxvcarbonvlainino-l-pentanol 

To a solution of 1.1 mL (9.8 mmol) of 2-amino- 1 -pentanol 
25 in 10 mL of MeCN was added 2. 18 g (10 mmol) of di-t-butyl dicarbonate 
followed by a solution of 1.06 g (10 mmol) of Na2C03 in 10 mL of 
water. After stirring for 4 h the reaction mixture was partitioned between 
Et20:EtOAc (1 : 1) and water. The organic layer was washed with water, 
brine and dried. The filtrate was concentrated to furnish 2.8 g of a liquid 
30 which was used in the next step without purification. 
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lH NMR (CDC13): 0.91 (t, 3H), 1.3-1.9 (m, 1 1H), 2.31 (t, 2H), 2.4 (br 
s, 1H), 3.0 (s, 3H), 3.8 (br, 1H), 4.15 (dd, 1H, J=10 and 4 Hz), 4.22 (m, 
1H), 4.57 (br, 1H). 

5 SteoB: Ethvl (tt-butoxvcarbonvlaminopentvnthio^etate 

A solution of 0.7 g of 2-butoxycarbonylamino-l-pentanol 
prepared in step A in 5 mL of CH2CI2 was treated with 0.23 mL (3 
mmol) of methanesulfonyl chloride. The mixture was cooled in ice bath 

10 and 0.42 mL (3 mmol) of Et3N was added and the solution was allowed 
to warm to room temperature. After 1 h another 0.05 mL (0.65 mmol) of 
methanesulfonyl chloride and 0.1 mL (0.71 mmol) of Et3N were added 
and stirred for 15 min. the reaction mixture was diluted with CH2CI2 and 
washed with saturated NaHC03 solution, water, 1.2 N HC1 and brine. 

1 5 The organic layer was dried and concentrated to yield 0.94 g of the 
mesylate as a white solid. 

lH NMR (CDC13): 0.91 (t, 3H), 1.2-1.9 (m, 1 1H), 2.32 (t, 2H), 3.51 (m, 
1H), 3.63 (m, 2H), 4.57 (br s, 1H). 

20 

To a solution of the mesylate in 5 mL of EtOH 0.3 mL (2.7 
mmol) of ethyl 2-mercaptoacetate and 0.42 g (3 mmol) of powdered 
K2CO3 were added. The mixture was heated in a 50 °C bath for 2 h, then 
diluted with water and extraced with EtOAc. The EtOAc layer was 
25 washed with water, brine, dried and concentrated. The residue was 

chromatographed on a flash column using a gradient of 20-50% EtOAc- 
Hexane to isolate 0.48 g (63%) of the title compound. 

lH NMR (CDC13): 0.90 (t, 3H), 1.2-2.3 (m, 16H), 2.72 (m, 2H), 3.23 
30 (ABq, 2H), 3.75 (br, 1H), 4.19 (q,2H),4.57 (br s, 1H). 

Step C: 5-Propv1-thiomorpholin-3-one 
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Ice cold EtOAc (5 mL) was saturated with HQ gas and this 
solution was added to 0.48 g (1.57 mmol) of ethyl ((2- 
butoxycarbonylaimnopentyl)thio)acetate. After stirring for 1 h the 
solution was concentrated to give 0.42 g of amine hydrochloride as an oil. 
5 The oil was dissolved in 3 mL of EtOH and 0.207 g (1 .5 mmol) of 

powdered K2CO3 was added. After heating the mixture in a 80 °C bath 
for 2.5 h the reaction was cooled and partitioned between water and 
EtOAc. The organic layer was washed with water, brine, dried and 
concentrated. The residue was purified by flash chromatography using 
10 30-100% EtOAc-hexane to yield 0.15 g (60%) of the title compound as a 
white solid. 

*H NMR (CDQ3): 0.94 (t, 3H), 1.36 (m, 2H), 1.57 (m, 2H), 2.53 (dd, 
1H, J=13 and 9 Hz), 2.78 (dd, 1H, J=13 and 4 Hz), 3.26 (ABq, 2H), 3.63 
15 (m, lH),5.8(brs, 1H). 

Step D; 5-Propvl-thiomorDholin-3-thinne 

A solution of 0.15 g (0.94 mmol) of 5-propyl-thiomorpholin- 
20 3-one in 3 mL of toluene was treated with 0.44 g ( 1 . 1 mmol) of 

Lawesson's reagent and the reaction was heated to reflux. After 1 h the 
solution was cooled to room temperature, diluted with 2 mL of hexane 
and allowed to stand overnight. The solid formed was removed by 
filtering through a 0.5 u filter and the filtrate was concentrated. The 
25 residue was chromatographed using 10-30% EtOAc/hexane to obtain 
0.131 g (80%) of the tide compound. 

lH NMR (CDC13): 0.95 (t, 3H), 1.41 (m, 2H), 1.64 (m, 2H), 2.60 (dd, 
1H, J=13 and 9 Hz), 2.89 (dd, 1H, J=13 and 4 Hz), 3.57 (m, 1H), 3.74 
30 (ABq, 2H, J=17Hz), 8.3 (br s, 1H). 



Step F; 3-Tmino-5-pronvl-thiomorpho1ine 
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A solution of 0.131 g (0.75 mmol) of 5-propyl- 
thiomorpholin-3-thione in 3 mL of CH2CI2 was stirred with 4 A 
molecular sieves. After 10 ruin 0.125 g (0.85 mmol) of 
trimethyloxonium tetrafluoroborate was added and the mixture was 
5 stirred for 2.5 h. The reaction was quenched by adding saturated 
NaHC03 solution then extraced with CH2CI2. The organic layer was 
washed with brine, dried and concentrated to give 0.1 15 g of a brown oil. 

lH NMR (CDC13): 0.94 (t, 3H), 1.4-1.8 (m, 4H), 2.29 (s, 3H), 2.3 (m, 
10 1H), 2.73 (dd, 1H, J=13 and 4 Hz), 3.12 (ABq, 2H), 3.43 (m, 1H). 

The brown oil in 1 mL of EtOH was trated with 30 mg (0.56 
mmol) of NH4C1 and the mixture was heated to reflux. After 1 h the 
solution was concentrated and the residue was chromatographed on a 
15 flash column using a gradient of MeCN, MeCN/HOAc - 95:5, 

MeCN/H20/HOAc - 90:5:5 and finally MeCN/H20/HOAc - 85:10:5 to 
isolate 37 mg (23%) of the title compound as an acetic acid salt. 

lH NMR (CD03): 0.94 (t, 3H), 1.3 - 1.8 (m, 4H), 2.05 (s, 3H), 2.63 
20 (dd, 1H, J=13 and 9 Hz), 2.92 (dd, 1H, J=13 and 4 Hz), 3.65 (m, 3H), 8.2 
(brs, 1H). 

Mass spectrum m/e = 159 (M+l) 

25 The compounds of Examples 141-145 were prepared by the method of 
example 101 starting from the appropriate aminoalcohol. 



30 



EXAMPLE 141 

CHs H NH HCI 



3-Imino-5-methvl-thiQmorpholine 
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lH NMR (CD30D): 1.38 (d, 3H), 2.71 (dd, 1H, J=13 and 9 Hz), 3.07 
(dd, 1H, J=13 and 4 Hz), 3.60 (ABq, 2H, J=16 Hz), 3.82 (m, 1H). 



EXAMPLE 142 

CfcH^fl^NH HCI 

10 3-Tmino-5-ethvl-thiomorDholine 

lH NMR (CD30D): 1.03 (t, 3H), 1.75 (m, 2H), 2.75 (dd, 1H, J=13 and 
9 Hz), 3. 1 (dd, 1H, J= 1 3 and 4 Hz), 3.6 (m, 3H). 



15 



EXAMPLE 143 




20 ^-Imino-5-butvl-thiomorpholine 

lH NMR (CDC13): 0.95 (t, 3H), 1.3 - 1.8 (m, 6H), 2.75 (dd, 1H, J=13 
and 9 Hz), 3.1 (dd, 1H, J=13 and 4 Hz), 3.60 (m, 3H). 

25 Mass spectrum m/e = 173 (M+l) 



EXAMPLE 144 
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NH HCI 



3-Imino-5fSW2-methvlpropvlVtMomoroholine 

5 lH NMR (CDQ3): 0.97 (d, 6H), 1.6 (m, 2H), 1.77 (m, 1H), 2.72 (dd, 
1H, J=13 and 9 Hz), 3.1 (dd, 1H, J=13 and 4 Hz), 3.52 (d, 1H, J=16 Hz), 
3.68 (d, 1H, J=16 Hz), 3.75 (m, 1H). 

Mass spectrum m/e =173 (M+l) 



3-Imino-5(RV(2-methvlpropvlVthiomorpholine 

lH NMR (CDQ3): 0.97 (d, 6H), 1.6 (m, 2H), 1.77 (m, 1H), 2.72 (dd, 
1H, J=13 and 9 Hz), 3.1 (dd, 1H, J=13 and 4 Hz), 3.52 (d, 1H, J=16 Hz), 
20 3.68 (d, 1H, J=16 Hz), 3.75 (m, 1H). 

Mass spectrum m/e = 173 (M+l) 
25 EXAMPLE 146 



EXAMPLE 145 



NH HCI 
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] -f ff ^iitnyvcarbony n-hftyahvdrQ-^-imino-nfn-1 .4-diazePine 
hydrochloride. 

5 Step A: A-ffg^-BiitnifVcaAo n vn-hexahvdro-^m-l^-diaZCPin-Z-QP^ - 

Hexahydro-(2i?)-l,4-diazepin-2-one (300 mg, 2.63 mmol), 
obtained by the procedure of B. Kotelko, R. Glinka, R. Guryn, and J. 
Strumillo {Acta Pol Pharm., ISM, 41. 651-7; £A lG4:50859y), was 

10 dissolved in chloroform (5.3 mL). Di-r<?rf-butyl dicarbonate (0.63 g, 2.9 
mmol) was added along with additional chloroform (3 x 0.15 mL) to aid 
in the transfer. The solution was stirred for 0.5 h at room temperature 
followed by 3 h at reflux. The solution was then diluted with ethyl 
acetate (20 mL) and washed with saturated aqueous sodium bicarbonate 

15 (5mL). The aqueous layer was extracted with ethyl acetate (10 mL) The 
combined organic layers were dried (sodium sulfate), decanted, and 
evaporated to give 549 mg (97%) of 4-(fcrf-butoxycarbonyl)-hexahydro- 
(2J?)-l,4-diazepin-2-one as white crystals. 

20 1H NMR (400 MHz, CD3OD): 5 4.08-4.02 (m, 2H), 3.58 (bt, 2H, J = 5 
Hz), 3.29-3.26 (m, 2H), 1.81 (broad quintet, 2H, J = 5 Hz), 1.45 (s, 9H). 

Mass spectrum (FAB) m/e = 215 (M+l). 

25 Step B: 1 -(terf-Butoxvcarbonvn- 2.5).6.7-tetrahvdro-3-methPXV-( 1/7)- 
1.4-diazepine. 

By analogy to the procedure of Example 2, 4-(teri- 
butoxycarbonyl)-hexahydro-(2fl)-l,4-diazepin-2-one gave \-(tert- 
30 butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-(lfl)-l ,4-diazepine as a 
colorless oil in 94% yield. 

1H NMR (400 MHz, CD3OD): 8 4.16-4.10 (m, 2H), 3.59 (bs, 3H), 3.56 
(bt, 2H, J = 6 Hz), 3.53-3.48 (m, 2H), 1.87-1.77 (m, 2H), 1.44 (s, 9H). 
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Mass spectrum (FAB) m/e = 229 (M+l). 

Step C; l-(rm-Butoxvcarbonvtt-hexahvdro-3-imino-f 1 H\- 1 .4- 

S diazepine hydrochloride. 

By analogy to the procedure of Example 3, l-(tert- 
butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-(l/0- 1 ,4-diazepine gave 
l-(fert-butoxycari3onyl)-hexahyciio-3-irnino-(l//)- 1 ,4-diazepine 
10 hydrochloride in quantitative yield as white crystals. 

1H NMR (400 MHz, CD 3 OD): 6 4.36 (bs, 2H), 3.69-3.62 (m, 2H), 3.60- 
3.55 (m, 2H), 1.84-1.76 (m, 2H), 1.47 (s, 9H). 

15 

EXAMPLE 147 



Cl 



•H. 

'fj^NH 2HCI 

20 Hexahvdro-2-imino-f 1 ff)-\ .4-diazepine di hydrochloride. 



By analogy to the procedure of Example 130 (Step D), 1- 

(fm-butoxycarbonyl)-hexahydro-3-imino-(l/0- 1 ,4-diazepine 
hydrochloride salt gave hexahydro-2-imino-( 1H)- 1 ,4-diazepine 
25 dihydrochloride as a fine white solid in quantitative yield. 

lH NMR (400 MHz, CD3OD): 8 4.38 (s, 2H), 3.72-3.68 (m, 2H), 3.52 
(t, 2H, J = 5.5 Hz), 2.08 (quintet, 2H, J = 5.5 Hz). 

30 Mass spectrum (FAB) m/e = 1 14 (M-2HC1+1). 
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KVAMPLE 148 




NH 2HCI 



5 Hexahvdro-2-iminn-S-methvl- n ^-1 4-diazenine dihvdrocMQride, 
$fr V A • Al(2-Cv« nn-UmethvMhy1 glycine ethvl ester. 

Aqueous sodium hydroxide (2.5 N, 13 mL, 32.5 mmol) was 
1 0 added to a mixture of 4.54 g (32.5 mmol) of glycine ethyl ester 

hydrochloride in 6 mL of ethanol. The solution was cooled in an ice bath 
and 2.4 g (35.6 mmol) of crotonitrile was added in portions over 5 min. 
After 20 min, the ice bath was removed and the reaction was stirred 1.5 h 
at 25 °C followed by 3.5 h at 70 °C. The reaction was cooled to room 
1 5 temperature, 5 g of sodium chloride was added, and the mixture was 
extracted with 2 x 35 mL of ethyl acetate. The organic extracts were 
dried over sodium sulfate, decanted, and evaporated. The residue was 
dissolved in methanol, filtered through a 0.45 micron membrane, and 
evaporated to give 1 .30 g (24% yield) of AT-(2-cyano- 1 - 
20 methylethyl)glycine ethyl ester as a yellow oil. 

lH NMR (400 MHz, CDC13): 8 4.20 (q, 2 H, H=7 Hz), 3.47 (d, 1H, J = 
16 Hz), 3.41 (d, 1H, J = 16 Hz), 3.05 (sextet, 1H, J = 7 Hz), 2.49-2.38 (m, 
2H), 1.29 (t, 3H, J « 7 Hz), 1.27 (d, 3H, J * 7 Hz). 

25 

<?tft P Hexahvd m-5-methvU2m- 1 .4-diazepin-2-one. 

iV-(2-cyano-l-methylethyl)glycine ethyl ester (1.30 g, 7.64 
mmol) was dissolved in 4.5 mL of methanol. Raney nickel (70 mg) was 
30 added and the reaction vessel was pressurized with 1000 psi of hydrogen 
and heated to 50 °C for 6 h and to 100 °C for 4 h. The supernatant was 
decanted and filtered through a 0.45 micron membrane and the catalyst 
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was washed with 3x3mL of methanol. The combined filtrate was 
evaporated and the residue was chromatographed on 60 g of silica gel 
eluting with 5-7% methanol in dichloromethane to give 0.33 g of 
colorless oil. Chromatography on 15 g of silica gel eluting with 20% 
5 methanol in ethyl acetate gave 217 mg (22% yield) of pure hexahydro-5- 
methyI-(2//)- 1 ,4-diazepin-2-one. 

lH NMR (400 MHz, CD3OD): 5 3.52 (d, 1H, J = 15 Hz), 3.37 (d, 1H, J 
= 15 Hz), 3.35 (1H, partially obscured by solvent), 3.23 (ddd, 1H, J = 15 
10 6, 2 Hz), 2.89 (dqd, 1H, J = 10, 6, 3 Hz), 1.82 (dddd, J = 14, 6, 3, 1 Hz) ' 
1.39 (m, 1H), 1.12 (d, 3H, J = 6 Hz). 



Mass spectrum (FAB) m/e = 129 (M+l). 

4-(/frr-ByyoxvrarbonvlVhexahvdro-5-tri ft thvi-(7p) - T 4. 

diazepin-2-npe, 



Hexahydro-5-methyl-(2fl)-l,4-diazepin-2-one (200 mg, 1.56 
mmol) was dissolved in 3.0 mL of chloroform and di-fm-butyl 

20 dicarbonate (0.37 g, 1 .69 mmol) was added with 0.4 mL of chlorform. 
The solution was stirred at room temperature for 0.5 h and then at reflux 
for 4.5 hr. The solution was diluted with 20 mL of ethyl acetate and 
washed with 5 mL of saturated aqueous sodium bicarbonate and 5 mL of 
saturated aqueous sodium chloride. The aqueous layers were extracted in 

25 succession with 10 mL of ethyl acetate. The combined organic layers 
were dried (sodium sulfate), decanted, and evaporated to give 360 mg 
(100% yield) of 4-(terr-butoxycarbonyl)-hexahydro-5-methyl-(2/0-l,4- 
diazepin-2-one as almost colorless crystals. 

30 1H NMR (400 MHz, CD3OD): 6 4.39-4.02 (m, 2H), 3.80 (bd, 1H, J = 17 
Hz), 3.19 (dd, 1H, J =* 14, 7 Hz), 3.13-3.02 (m, 1H), 2.13 (dt, 1H, J = 15, 
6 Hz), 1.80 (dtd, 1H, J = 15, 10, 2 Hz), 1.46 (s, 9H), 1.16 (d, 3H, J = 6.5 
Hz). 
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Mass spectrum (ESI) m/e = 229 (M+l). 

HfrrT-ButoxYcarbonvl)-? 5 6 rh f ^,-7. 

methvi-ri/n-i^| n7fpinr 

By analogy to the procedure of Example 2, 4-(tert- 

butoxycarbonyl)-hexahydro-5-methyl-(2/0-l,4-diazepin-2-one gave 1- 

(rm-butoxycarbonyl)-2,5,6J-tetrahydro-3-methoxy-7-methyl-(l/0-l,4- 
diazepine as an almost colorless oil in 86% yield. 

1H NMR (400 MHz, CD3OD): 8 4.55-4.10 (m, 2H), 3.75-3.55 (m, 2H) 
3.60 (s, 3H), 3.40 (dd, 1H, J = 16, 11 Hz), 2.02-1.90 (m, 1H), 1.65 (dt, ' 
1H, J = 15, 1 1 Hz), 1.45 (s, 9H), 1.12 (d, 3H, J = 6.5 Hz). 

15 Step > E; 4-(fm-Biitoxvr a rhonvn-h^,hvH r ^ ? - iminn . < ;. niffth M| ^, 
1.4-diazemne. hvdmrMn n ^ f 

By analogy to the procedure of Example 3, U(tert- 
butoxycarrx>nyl)-2,5,6,7-te^^ 4- 
20 diazepme gave 4-(ferr-butoxycarbonyl>hexahydro-2-inimo-5-memyl- 
(lfl)-l,4-diazepine hydrochloride in quantitative yield. 

1H NMR (400 MHz, CD3OD): 6 4.60-4.20 (m, 3H), 4.53 (dd, 1H, J = 
Ji\ 7 ™ 3 ' 34 " 3 - 23 (PartiaUy obscured by solvent, 1H), 2.19-2.07 (m, 
25 lH),1.93(dt,lH,J = 15,10Hz),U9(d,3H,J = 7Hz). 

Mass spectrum (ESI) m/e = 228 (M-HC1+1). 
30 f^dLhin^? ^^ 7 "^'"^^ 111 ^ 1 " 0 ^^inr 



By analogy to the procedure of Example 130 (Step D) 4- 
(*rr-butoxycarbonyl)-te^^ 
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hydrochloride gave hexahydro-2-imino-5-methvl-n m i a.a- 
dihydrocMoride a, a hygroS c„ pi c britUe iZ^u^^ 

'H NMR (400 MHz, CD 3 OD): 8 4.52 (d, Hi, J = 15 Hz) 4 IS u m , 
Mass spectrum (FAB) ra/e = 128 (M-2HC1+1). 



10 



EXAMPTp, 140 



ch 3 

N 



J — N 

TfSlH 2HCI 

^6.7-tetr^^^ "W. 

20 

2H^^"?t CD30D); 5 368 ^3H), 3.54-3.50 (m ,2H) 297(t 
2H, J = 5.5 Hz), 1.80 (quintet, 2H, J a 5 Hz). 

30 Mass spectrum (FAB) m/e = 128 (M-HQ+1). 



WO 96/14844 



PCT/US95/14812 



-203- 
EXAMPLE 150 

JJ^^NH 2HCI 

5 3-Amino-hexfl hvdro-2-imino-f 1 KVazepine dihydrpchlpride, 

Step A? ^-(fgrf-B utoxvcarbonvlaminoVepsilon-caprolactam. 

3-Amino-epsilon-caprolactam (2.00 g, 15.6 mmol) was 
10 dissolved in 25 mL of chlorofonn and di-terr-butyl dicarbonate (3.70 g, 
16.9 mmol) was added with 5 mL of chloroform. The solution was 
stirred at room temperature for 2 nr. The reaction was diluted with 10 
mL of chloroform and washed with 2xl0mLof2AT aqueous 
hydrochloric acid, 10 mL of saturated aqueous sodium bicarbonate, and 
15 10 mL of saturated aqueous sodium chloride. The combined organic 
layers were dried (sodium sulfate), decanted, and evaporated to give an 
almost colorless crystalline solid. This material was dissolved in 15 mL 
of hexane and 20 mL of ethyl acetate at 75 °C, cooled to room 
temperature, and filtered to give 2.02 g (57% yield) of 3-(tert- 
20 butoxycarbonylarnino)-epsilon-caprolactam as white crystals. 

lH NMR (400 MHz, CD3OD): 6 4.26 (d, 1H, J - 10 Hz), 3.29-3.16 (m, 
2H), 2.03-1.70 (m, 4H), 1.60-1.27 (m, 2H), 1.44 (s, 9H). 

25 Mass spectrum (FAB) m/e = 229 (M+l). 

Step R; 3-(rgrt -ButoxvcaTbonvlamino^-4.5.6.7-tetrahvdro-2- 
Tnethnxv-f3f/lazepine. 



30 



By analogy to the procedure of Example 2, 3-(tert- 
butoxycarrK)nylamino)-epsilon-caprolactam gave 3-(ferf- 
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butoxycarbonylamino)-4,5,6,7-tetrahydro-2-methoxy-(3/0-azepine as a 
colorless oil in 95% yield. 

lH NMR (400 MHz, CDCI3): 8 5.38 (bd, 1H, J = 6 Hz), 4,58 (bdd, 1H, J 
5 = 10, 8 Hz), 3.68-3.62 (m, 1H), 3.29 (t, 1H, J = 12 Hz), 1.99-1.70 (m, 
4H), 1.46 (s, 9H), 1.46-1.22 (m, 2H). 

Step C; 3-(fgrf-ButOX vcarbonvlamino Vhexah vd ro-2-imino-r T m. 

azepine hydrochloride. 

10 

3-(/err-Butoxycarbonylammo)-4,5,6,7-tetrahydro-2- 
methoxy-(3#)-azepine (503 mg, 2.08 mmol) was dissolved in 6.0 mL of 
ethanol and 1 1 1 mg (2.08 mmol) of ammonium chloride was added. The 
mixture was heated to reflux for 3 h, cooled to room temperature, and 

15 evaporated. The residue was dissolved in 4 mL of chloroform, filtered 
through a 0.45 micron membrane, and evaporated under a stream of 
nitrogen to a weight of 1 . 1 8 g. Dioxane (4.0 mL) was added and the 
mixture was stirred briefly until it became homogeneous. After crystals 
had formed, the mixture was cooled to 0 °C and filtered to give 3>-{tert- 

20 butoxycart>onylammo)-hexahydro-2-imino-(lf0-azepine hydrochloride 
as white crystals (623 mg, 85% yield) which retained 1 equivalent of 
dioxane. 

lH NMR (400 MHz, CD3OD): 8 4.57 (d, 1H, J « 10 Hz), 3.57-3.46 (m, 
25 2H), 2.06-1.94 (m, 2H), 1.89-1.66 (m, 3H), 1.51-1.42 (m, 1H), 1.46 (s, 
9H). 

Mass spectrum (FAB) m/e = 228 (M+l). 
30 Step P; 3-Aminp-hexahvdro-2-imino-n f/Varep ine dihvdrochlorjd e, 



^ By analogy to the procedure of Example 130 (Step D), 3- 

(tert-butoxycarbonylanuno)-hexahyd 
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hydrochloride salt gave 3-amino-hexahydro-2-imino-( 1 //)-azepine 
dihydrochloride as fine white crystals in quantitative yield. 

lH NMR (400 MHz, CD3OD): 64.71 (dd, 1H, J = 10, 1.5 Hz), 3.61- 
5 3.50 (m, 2H), 2.15-1.82 (m, 5H), 1.60-1.47 (m, 1H). 

Mass spectrum (FAB) m/e = 128 (M-2HC1+1). 
10 EXAMPLE 151 

^J^NH 2HCI 
(5V3-Amino-2-iminopiperidine dihydrochloride. 

15 

Step A; ( »SV3-( rm-BwtPxycfflfonylam^ 

l-Hydroxybenzotriazole (960 mg, 7.10 mmol) and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiiinide hydrochloride (1.36 g, 7.09 

20 mmol) were added to a stirred suspension of 1 .50 g (6.46 mmol) of 
alpha-(rerf-butoxycarbonyl)-L-ornithine in 15 mL of N,N- 
dimethylformamide. After stirring overnight at room temperature, most 
of the solvent was removed on a rotary evaporator and the residue was 
diluted with 50 mL of ethyl acetate. The mixture was washed with 15 

25 mL each of 2 N aqueous hydrochloric acid, saturated aqueous sodium 
bicarbonate, and saturated aqueous sodium chloride. The organic layer 
was dried (sodium sulfate), decanted, and evaporated to give 706 mg 
(55% yield) of (i^-3-(wrr-butoxycarbonylamino)-2-piperidone as a 
colorless viscous syrup. 

30 

*H NMR (400 MHz, CD3OD): 8 4.02-3.92 (m, 1H), 3.30-3.22 (m, 2H), 
2.15-2.05 (m, 1H), 1.97-1.70 (m, 3H), 1.45 (s, 9H). 
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SlSB-Bj (^-3-frgrr-BHtQXYcarbonv1aminoV3.4Sfi -tetr a hvrfr f >-9- 

methoxvpvridi nffi 

By analogy to the procedure of Example 2, (S)-3-(tert- 
5 butoxycarbonylamino)-2-piperidone gave (S)-3-(tert- 

butoxycaAonylammo)-3,4,5,6-tetrahydro-2-methoxypyricline as white 
crystals in (83% yield). 

lH NMR (400 MHz, CDCI3): 5 4.85-4.75 (bs, 1H), 4.19-4.09 (bs, 1H) 
10 3.63 (s, 3H), 3.49 (t, 2H, J = 6 Hz), 2.12-2.02 (m, 1H), 1.86-1.61 (m, 3H), 
1.46 (s, 9H). 



15 



Mass spectrum (FAB) m/e = 229 (M+l). 



C: ( i ^-3-(rm-PntPXVCaiiH>nv1armnoV2-fm m oniperirfin ft 

hydrochloride 



By analogy to the procedure of Example 3, (S)-3-(tert- 
20 butoxycarbonylaim^o>3,4,5,6-tetrahydro-2-memoxypyridme gave (S)-3- 
(rm-butoxycarbonylammo>2-iim^opiperidine hydrochloride as white 
crystals in quantitative yield. 

lH NMR (400 MHz, CD3OD): 5 4.40-4.33 (m, 1H), 3.45-3.30 (m, 2H) 
25 2.10-1.84 (m, 4H), 1.47 (s, 9H). 

Mass spectrum (FAB) m/e = 214 (M-HC1+1). 
Stgpr>; (^-Amino-y-iminnpir^riHjnedihvHtY^^^riHA, 

By analogy to the procedure of Example 130 (Step D), (5)-3- 
(rm-butoxycarbonylanimo)-2-iiimiopipericline hydrochloride gave (S)-3- 
animo-2-immopiperidine dihydrochloride as a white crystalline solid in 
quantitative yield. 



30 
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lH NMR (400 MHz, CD3OD): 8 4.48 (t, 1H, J = 6 Hz), 3.47 (t, 2H, J = 
6 Hz), 2.37-2.24 (m, 1H), 2.08- 1 .90 (m, 3H). 

5 Mass spectrum (FAB) m/e = 1 14 (M-2HC1+1). 



Hexahvdro-3-imino-l ,4-oxazepine hyd™^^ ^ 

Stg P A ' 2.S.6.7-Tefrahvdrn-^-m ff th oxv-1,4-nT fl T < > p j n f| 

Using the method described Example 2, 4,5,6,7-tetrahydro- 
(2fl>l,4-oxazepin-3-one (prepared by the method of S. Suzuki, U.S. 
patent 4126614, 122S; £A 20_: 138397) was converted into 2,5,6,7- 
tetrahydro-3-methoxy- 1 ,4-oxazepine. 



1H NMR (400 MHz, CDCI3): 6 4.18 (s, 2H), 3.87 (t, 2H, J = 6 Hz), 3.64- 
3.60 (m, 2H), 3.58 (s, 3H), 1.93-1.86 (m, 2H). 

SSSSLQl HeXahvdrO-3-ifnitin-1 4-nva zepjne hvrimrhlnrifo 

Using the method described in Example 3, 2,5,6,7- 
tetrahydro-3-methoxy-l,4-oxazepine was converted into hexahydro-3- 
imino- 1 ,4-oxazepine hydrochloride. 

30 1H NMR (400 MHz, CD3OD): 8 4.47 (s, 2H), 3.96 (t, 2H, J = 5 Hz), 
3.64-3.60 (m, 2H), 1.90 (quintet, 2H, J - 5 Hz). 



EXAMPLK1M 



10 




20 
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Mass spectrum (FAB): m/e = 1 15 (M-HC1+1). 

EXAMPLE ire 

5 

a 

[j^NH HCI 

Hgxahvdro-3-imino-1 .4-thiaT^pin e hydrochlnriH* 
10 StSP-Al 4.5.6.7-Tetrahvriro-(2^-14-thi a 2e pin-^-thinne 

Phosphorus pentasulfide (1 . 18 g, 2.66 mmol as P 4 S io) and 
sodium bicarbonate (3.56 g, 42.5 mmol) were added to a stirred solution 
of 500 mg (3.81 mmol) 4,5,6J-tetrahyd^(2//)-l,4-thiazepin-3-one 
15 (prepared by the method of M.F. Shostakovskii, et al. Zh. Obshch. Khim., 
mi, 21, 1453; QA 55:22177g) in 15 mL of dry dioxane and the mixture 
was stirred at 75 <>c for 4 h. The solvent was removed in vacuo, water 
(15 mL) was cautiously added, and the mixture was heated to 50 °C for 1 
h. The reaction was cooled to room temperature and sodium chloride 
20 (6.1 g) was added followed by 40 mL of dichloromethane. To facilitate 
separation of the layers, 30 mL of saturated aqueous sodium chloride and 
100 mL of ethyl acetate were also added. The aqueous layer was 
extracted with 3 x 40 mL of ethyl acetate. The combined organic layers 
were dried (sodium sulfate), decanted, and evaporated. The crude 
25 product was chromatographed on 30 g silica gel, eluting with 1.25 L of 
20% ethyl acetate/hexane and 200 mL of 5% of ethyl 
acetate/dichloromethane to give 380 mg (68% yieid) of 4,5,6,7- 
teu^ydro-(2^-l,4-thiazepin-3-thione as a white solid. 



30 



1H NMR (400 MHz, CDC1 3 ): 5 8.55 (bs, 1H), 3.74 (s, 2H), 3.51-2.44 
(m, 2H), 2.92-2.87 (m, 2H), 1.97 (quintet, 2H, J = 5 Hz). 
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Mass spectrum (FAB): m/e = 148 (M+l). 

fl Trp R- 2.5.6.7-Tetrahvdro-3-ethoxv-l .4-thiazepine, 

5 Employing the method of E. Mohacsi and E.M. Gordon 

{Synth. Common., 1284, 14, 1159), ethyl chloroformate (0.1 12 mL, 1.17 
mmol) was added to a mixture of 4,5,6,7-tetrahydro-(2«)-l,4-thiazepin- 
3-thione (150 mg, 1 .02 mmol) and 0.30 mL of dry dioxane. The mixture 
was stirred and occasionally swirled for 1.5 h at room temperature. The 

10 mixture was diluted with 15 mL of ethyl acetate and washed with 15 mL 
of saturated aqueous sodium carbonate, 10 mL of saturated aqueous 
sodium carbonate, and 10 mL of saturated aqueous sodium chloride. The 
aqueous layers were extracted in succession with 15 mL ethyl acetate. 
The combined organic layers were dried (sodium sulfate), decanted, and 

15 carefully evaporated to give 158 mg of crude 2,5,6,7-tetrahydro-3- 
ethoxy-l,4-thiazepine as a slightly volatile yellow oil. 

1H NMR (400 MHz, CDCI3): 6 4.02 (q, 2H, J = 7 Hz), 3.54-3.50 (m, 
2H), 3.28 (s, 2H), 2.88 (t, 2H, J = 5 Hz), 1.94-1.87 (m, 2H), 1.26 (t, 3H J 
20 =7 Hz). 

Step C: Hexahvdro-3-imino-1.4-thiazepine hydrochloride. 

Using the method described in Example 3, 2,5,6,7- 
25 hexahydro-3-ethoxy-l,4-thiazepine (150 mg, 0.94 mmol) was converted 
into the amidine hydrochloride. In this case, the crude product (138 mg) 
was recrystallized from methanol/ethyl acetate at 60 °C with cooling to 0 
°C to give 56 mg (29% yield) of hexahydro-3 -imino- 1 ,4-thiazepine 
hydrochloride containing 25% ammonium chloride. 

30 

lH NMR (400 MHz, CD3OD): 8 3.62 (s, 2H), 3.60-3.58 (m, 2H), 3.01- 
2.97 (m, 2H), 1.95 (quintet, 2H, J = 5 Hz). 

Mass spectrum (FAB): m/e =131 (M-HC1+1). 
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10 




EXAMPLE 154 
■ft 

'^"*NH 2HCI 

Hcxahvdro-3-imino-5-propvl-n/n-l .4-diazepine dihvdrochloride. 
SlSE-Al A^-(/-Butoxvcarbonvn-A^-f3-oxohexvn g lvcine ethyl ester. 



l-Hexen-3-one (5.04 g, 51.3 mmol) was added to a solution 
of glycine ethyl ester (5.3 g, 51.3 mmol) in 50 mL of chloroform. After 3 
h at room temperature, chloroform (15 mL) was added followed by 
portionwise addition of di-fcrf-butyl dicarbonate (12.2 g, 56 mmol). The 

15 solution was stirred overnight at room temperature and then washed with 
50 mL of saturated aqueous sodium bicarbonate and 50 mL of saturated 
aqueous sodium chloride. The combined aqueous layers were extracted 
with 2 x 50 mL of ethyl acetate. The combined organic layers were dried 
(sodium sulfate), decanted, and evaporated. Flash column 

20 chromatography on 450 g of silica gel eluting with 10% ethyl 

acetate/hexane gave 13.7 g (89% yield) of AT-(fe/t-butoxycarbonyl)-N-(3- 
oxohexyl)glycine ethyl ester as a yellow oil. 

lH NMR (400 MHz, CDCI3) showed two distinct rotamers in a 3:2 ratio. 

25 Rotamer A (major): 8 4. 1 3 (q, 2H, Js7 Hz), 3.92 (s, 2H), 3.49 (t, 2H, J 
= 6 Hz), 2.75 (t, 2H, J = 6 Hz), 2.37 (t, 2H, J = 7 Hz), 1.62-1.50 (m, 2H), 
1.38 (s, 9H), 1.25 (t, 3H, J «7 Hz), 0.87 (t, 3H, J = 6 Hz). Rotamer B 
(minor): 5 4. 19 (q, 2H, J =s 7 Hz), 3.97 (s, 2H), 3.46 (t, 2H, J = 6 Hz), 
2.70 (t, 2H, J =s 6 Hz), 2.37 (t, 2H, J = 7 Hz), 1.62-1.50 (m, 2H), 1.45 (s, 

30 9H), 1.23 (t, 3H, J = 7 Hz), 0.89 (t, 3H, J ~ 6 Hz). 



Mass spectrum (FAB): m/e = 202 (M-99). 
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Sl£ILBj N-fteyt-ButoxvcarbonvD-A^f3-fbenzv1 amino^hexvnp1vcine 

ethvl ester. 

5 Benzylamine (5.7 g, 53.2 mmol) was added to stirred 

solution of A^-(fm-butoxycarbonyl)-iV-(3-oxohexyl)glycine ethyl ester 
(8.07 g, 26.6 mmol) in 30 mL of pyridine and 30 mL of glacial acetic 
acid at 0 °C. A THF solution of sodium cyanoborohydride (1.0 Af, 17.3 
mL, 17.3 mmol) was added via syringe at 2.0 mL/h. After completion of 

10 the addition, the reaction was continued at 0 °C to room temperature 
overnight. The reaction was poured into a mixture prepared from 20 mL 
of concentrated hydrochloric acid and 230 g of ice, and extracted with 4 x 
200 mL of ethyl acetate. The ethyl acetate layers were washed in 
succession with 500 mL of saturated aqueous sodium carbonate and 500 

15 mL of saturated aqueous sodium chloride, dried (sodium sulfate), 
decanted, and concentrated to give a yellow oil. Flash column 
chromatography on silica gel eluting with 5-50% ethyl 
acetate/dichloromethane furnished 5.44 g (59% yield) of A^-(fert- 
butoxycarbonyl)-A^(3-(benzylamino)hexyl)glycine ethyl ester as a yellow 
20 oil. 

*H NMR (400 MHz, CDCI3) was complicated by the presence of a 5:4 
mixture of retainers: 8 7.36-7.18 (m, 4H), 4.16 (q, 2H, J = 7 Hz), 3.94- 
3.67 (m, 5H), 3.45-3.21 (m, 2H), 2.72-2.50 (m, 1H), 1.75-1.21 
25 (m, 9H), 1 .43 and 1 .39 (two s, 9H), 0.89 (t, 3H, J = 7Hz). 

Mass spectrum (ESI): m/e = 393 (M+l). 

SteP C; /y-(^-Butoxvcarbonv1Vyy--f3-aminohexvn g 1vcine ethyl 

30 ester. 

A solution of 5.2 g (13.3 mmol) of N-(teft-butoxycarbonyl)- 
A^-(3-(benzylamino)hexyl)glycine ethyl ester in 15 mL of ethanol and 7.5 
mL of glacial acetic acid was shaken with 2.08 g of 20% palladium 
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hydroxide on carbon under 45-47 psi of hydrogen for 24 h. The mixture 
was filtered and catalyst was washed with ethanol. The filtrate was 
concentrated and the residue was partitioned between 100 mL of ethyl 
acetate and 50 mL of saturated aqueous sodium bicarbonate. The 
5 aqueous phase was extracted with 3 x 50 mL of ethyl acetate, and the 
combined organic layers were dried (sodium sulfate), decanted, and 
concentrated to give N-(r«rf-butoxycarbonyl)-A^(3-aminohexyl)glycine 
ethyl ester as a colorless oil in quantitative yield. 

10 *H NMR (400 MHz, CD3OD) was complicated by the presence of a 2: 1 
mixture of rotamers: 5 4.21-4.14 (m, 2H), 3.97-3.86 (m, 2H), 3.59-3.50 
(m, 1H), 3.43-3.17 (m, 1H), 2.80-2.68 (m, 1H), 1.75-1.65 (m, 1H), 1.50- 
1.23 (m, 8 H), 1.47 and 1.40 (two s, 9H), 0.96-0.90 (m, 3H). MS(FAB): 
m/e = 303 (M+l). 

15 

Step D: 4-(terf-Butoxvcarbonvn-hexahvdro-7-proPVl-(2/y>-1.4- 
djjazepin-2-Qne, 

A solution of AHterf-butoxycarbonyl)-W-(3- 
20 aminohexyl)glycine ethyl ester(3.3 g, 10.4 mmol) in 40 mL of ethanol 
was refluxed for 2 d. The solvent was evaporated and the residue was 
purified by flash chromatography on 200 g of silica gel, eluting with 20- 
50% ethyl acetate/dichloromethane followed by 10% 
methanol/dichloromethane. 4-(ferf-Butoxycarbonyl)-hexahydro-7- 
25 propyl-(2/f)- 1 ,4-diazepin-2-one was isolated as 804 mg (30% yield) of 
white solid and 1.64 g (62%) of starting material was recovered. 

lH NMR (400 MHz, CD3OD) was complicated by the presence of a 
mixture of rotamers: 5 4.18-4.01 (m, 2H), 3.84-3.64 (m, 1H), 3.51-3.30 
30 (m, 2H), 1.98-1.85 (m, 1H), 1.71-1.33 (m, 5H), 1.45 (s, 9H), 0.94 (t, 3H, 
J=7Hz). 

Mass spectrum (FAB): m/e = 157 (M-99). 
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StP.p Rr i-ff g rf-Rutnxvcarbo nv1V2.5.6.7-tetrahvdro-3-methoxv-S- 
P mpy1-n m-\ .4-diazeoine. 

Using the method described in Example 2, 4-(tert- 
5 butoxycarbonyl)-hexahydro-7-propyl-(2H)- 1 ,4-diazepin-2-one was 
converted into l-(terr-butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-5- 
propy l-( 1 H)- 1 ,4-diazepine. 

lH NMR (400 MHz, CD3OD) was complicated by the presence of two 
10 rotamers: 8 4.30 and 4.17 (two d, 1H, J = 16 Hz), 4.07-3.95 (m, 1H), 
3:59 (s, 3H), 3.54-3.36 (m, 3H), 1.95-1.78 (m, 1H), 1.61-1.32 (m, 5H), 
1.45 (s, 9H), 0.92 (t, 3H, J = 7 Hz). 

Mass spectrum (FAB): m/e = 256 (M+l). 

15 

Step F: 1 -(ft?rf-Butoxvcarbonvn-3-( rg rf-butoxvcarhonvlimino)- 
hexahvdro-5-propvl-f 1 H\-\ .4-diazepine. 

Using the method described in Example 3, 100 mg (0.373 
20 mmol) of l-(rerf-butoxycarix)nyl)-2,5,6,7-tetrahydro-3-methoxy-5- 
propyl-(li?)-1.4-diazepine yielded 104 mg of crude l-(ferf- 
butoxycarbonyl)-hexahydro-3-immo-5-propyl-(lf0-1.4-diazepine 
hydrochloride salt as an amber foam. Without purification, this 
intermediate was dissolved in 1.0 mL of chloroform and treated with 
25 0.045 mL (41 mg, 0.36 mmol) of 1,1,3,3-tetramemylguanidine and 85 mg 
(0.392 mmol) of di-terf-butyl dicarbonate. After stirring 24 h at room 
temperature, the mixture was partitioned between 25 mL of chloroform 
and 10 mL of saturated aqueous sodium chloride. The aqueous layer was 
extracted with an additional 25 mL of chloroform and the organic layers 
30 were dried (sodium sulfate), decanted, and evaporated. The residue was 
purified by flash column chromatography on 10 g of silica gel eluting 
with 20% ethyl acetate/hexane to furnish 46 mg (41% yield) of \-{tert- 
butoxycarbonyl)-3-(rert-butoxycaibonylimino)-hexahydro-5-propyl- 

. (lJf)-l,4-diazepine as a colorless film. 
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IH NMR (400 MHz, CD 3 OD): 5 4.22 (bd, 1H, J = 16 Hz), 4.02-3.84 (m 
1 H), 3.96 (d, 1H, J = 16 Hz), 3.55-3.44 (m, 1H), 3.22-3.08 (m, 1H) 
1.86-1.72 (m, 1H), 1.70-1.67 (m, 1H), 1.67-1.36 (m, 4H), 1.50 (s, 9H) 
1.44 (s, 9H), 0.96 (t, 3H, J = 7 Hz). 

Hgxahvdro-Vimino-S-prnpv^f^-i^-rfi^^in^, 

dlhvdrnrhj^fo 

Using the method described in Example 130 (Step D) 1- 
(**-butoxycart>ontf^ 

(l#)-l,4-diazepine was converted into hexahydro-3-imino-5-propyl- 
(1^0-1,4-diazepine dihydrochloride. 

15 lH NMR (400 MHz, CD3OD): 5 4.44 (d, 1H, J = 15 Hz), 4.06 (d, IH J 

m^l'/fi 8 ^ J = ?HZ) ' 3 ' 61 <*• 1H > J = 14 > 4 Hz). 3.40 (ddd! 

? . 1 ' m) ' 215 (dt * 1H > J = 16 ' 4 1*6-1.80 (m, 2H),. 
1.71-1.60 (m, IH), 1.56-1.40 (m, 2H), 1.00 (t, 3H, J = 7 Hz). 

20 Mass spectrum (FAB): m/e = 156 (M-2HC1+1). 



25 



EXAMPTFI^ 
CH3^fj^NH 2HCI 

HwahYdro-3-iminp-5-m P thvl-f 1 yn-iAdi^ y ^ ih YTfrr ^ hrj f1r 



30 
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with di-terf-butyl dicaibonate to give N-(terf-butoxycarbonyl)-W-(3- 
oxobutyl)glycine ethyl ester. 

lH NMR (400 MHz, CDCI3) showed two distinct rotamers in a 3:2 ratio. 
5 Rotamer A (major): 5 4.14 (q, 2H, J - 7 Hz), 3.92 (s, 2H), 3.49 (t, 2H, J 
= 6 Hz), 2.79 (t, 2H, J = 6 Hz), 2.12 (s, 3H), 1.38 (s, 9H), 1.25 (t, 3H, J = 
7 Hz). Rotamer B (minor): 8 4.14 (q, 2H, J = 7 Hz), 3.97 (s, 2H), 3.46 (t, 
2H, J s= 6 Hz), 2.74 (t, 2H, J = 6 Hz), 2.13 (s, 3H), 1.45 (s, 9H), 1.23 (t, 
3H, J = 7 Hz). 

10 

Mass spectrum (ESI): m/e = 296 (M+Na). 

SlSJLBj ^-(fgrf-Butoxvcarbonvn-N-r3-rbenzvlamino^butvnglvcine 

ethvl ester. 

15 

Using the method described in Example 154 (Step B), N- 
(/erf-butoxycarbonyl)-^-(3-oxobutyl)glycine ethyl ester was converted 
into iV-(f^rf-butoxycaAonyl)-7v*-(3-(benzylamino)butyl)glycine ethyl 
ester. 

20 

lH NMR (400 MHz, CDCI3) was complicated by the presence of two 
rotamers: 5 7.36-7.20 (m, 5H), 4.16 (bq, 2H, J -7 Hz), 3.96-3.68 (m, 
4H), 3.50-3.21 (m, 2H), 2.89-2.66 (m, 1H), 1.74-1.54 (m, 2H), 1.43 and 
1.40 (two s, 9H), 1.26 and 1.24 (two q, 3H, J = 7 Hz), 1.13 and 1.10 (two 
25 d, 3H, J = 6 Hz). 

Mass spectrum (ESI): m/e = 365 (M+l). 

Step C; Ar-(rgrf-ButoxvcarbonvlVA^-f3-aminobutvnglvcine ethvl 

30 ester. 

Using the method described in Example 154 (Step C), N- 
(ferr-butoxycarbonyl>^-(3-(benzylaniino)butyl)glycine ethyl ester was 
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converted into ^(^rf-butoxycarbonyl)-Ar<3-aminobutyl)glyci„e ethyl 



1H NMR (400 MHz, CDCI 3 ) was complicated by the presence of two 
5 rotamers: S 4.18 (q. 2H, J = 6 Hz), 3.99-3.86 (m, 2H), 3 58-3 49 fm 1H, 
3.42-3.17 (m, 1H), 3.07-2.89 ( m . 1H), 1.72-1.44 m. 2 h£ , 47 L?i «' 
(two s. 9H), 1.30-1.24 (m, 3H), 1.15-1.10 (m. 3H). 

Mass spectrum (ESI): m/e = 275 (M+l). 

Step D- 4-( ffT f 
diazepin-2-^nf, 



10 



1 * _ v. UsiUS * e method described ™ Example 154 (Step D) N- 

m ^:r tonyI ^ (3 - a ^ bUtyI)8, y cine *W was envied 
»^<'<«-°»«oxycarbonyIH^ 



1H NMR (400 MHz, CDQ3) was complicated by the presence of 
20 S 4.35-3.35 (m, 5H), 1.90-1.60 ( m . 2H), 1.44^ (s. 9H). 7.22 (d, J 

Mass spectrum (ESI): m/e = 229 (M+l). 

Using the method described in Example 2 4-(/«t- 
butoxycarbonyl)-hexahydro-7-methyl-(2^).l ,4-dia2epm-3-one was 

1H NMR (400 MHz. CDCI3) was complicated by the presence of two 
reamers: 8 4.35 and 4. 14 (two d, 1H, J= 16Hz).3.95 (d, ItU-T 
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Hz), 3.64-3.30 (m, 3H), 3.58 (s, 3H), 1.92-1.82 (m, 1H), 1.63-1.52 (m, 
1H), 1.43 (s, 9H), 1.22 (d, 3H, J = 6 Hz). 

Mass spectrum (ESI): m/e = 243 (M+l). 

5 

Step F: l-ftert-ButoxvcarbonvlVhexahvdro-3-imino-5-methvl-(l/f)- 
1.4-diazepine hydrochloride. 

Using the method described in Example 3, \-{tert- 
10 butoxycarbonyl)-2,5,6J-tetrahydro-3-methoxy-5-methyl-(l//)-l,4- 
diazepine was treated with ammonium chloride in ethanol. 
Recrystallization of the crude product from chloroform/dioxane yielded 
1 -(/erf-butoxycai*onyl)-hexahydro-3-imino-5-methyl-( 1 H)- 1 ,4-diazepine 
hydrochloride as white crystals. 

15 

*H NMR (400 MHz, CD3OD) was complicated by the presence of two 
rotamers: 5 4.53 and 4.45 (two d, 1H, J = 16 Hz), 4.32 and 4.21 (two d, 
1H, J = 16 Hz), 4.13 (dt, 1H, J = 14, 3 Hz), 3.96-3.86 (m, 1H), 3.34-3.20 
(m, 1H), 1.89-1.81 (m, 1H), 1.78-1.62 (m, 1H), 1.47 (s, 9H), 1.35 (d, 3H, 
20 J = 6 Hz). 

Mass spectrum (ESI): m/e = 228 (M-HC1+1). 

Step G; Hexahvdro-3-imino-5-methvl-flfn-1.4-diazepine 

25 dihvdrochloride. 

Using the method described in Example 130 (Step D), 1- 
(rerr-butoxycaibonyl)-hexahydn>-3-imino-5-methyl-(lii0- 1 ,4-diazepine 
hydrochloride was converted into hexahydro-3-imino-5-methyl-( 1//)- 1 ,4- 
30 diazepine dihydrochloride. 



lH NMR (400 MHz, CD3OD): 8 4.54 (d, 1H, J = 15 Hz), 4.21 (d, 1H, 
15 Hz), 4.10-4.01 (m, 1H), 3.64 (dt, 1H, J = 14, 3 Hz), 3.40 (td, 1H, J « 
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14, 3 Hz), 2.08 (dtd, 1H, J = 14, 3, 1 Hz), 2.01-1.88(m, 1H), 1.43 (d, 3H, 
J = 7 Hz). 

Mass spectrum (FAB): m/e = 128 (M-2HC1+1). 

5 

EXAMPLE 156 




NH 2 HCI 



10 

2-Imin<^dgc^y4ro-<?^ ^hydrochloride 
Step A; N-2-Nitrophgnyl[mgtt)yll-g][ycing methyl ester 

15 To a solution of glycine methyl ester hydrochloride (8.31 g, 

66.2 mmol) in 150 ml MeOH were added 2-nitrobenzaldehyde (10 g, 
66.2 mmol) and 27 g of powdered molecular sieves (3 A) . After stirring 
at room temperature overnight, sodium cyanoborohydride (12.5 g,199 
mol) in 150 ml of THF was added, then the reaction mixture was further 

20 stirred for 8 h. The solvent was removed under reduced pressure. The 
residue was suspended in EtOAc and filtered throught a pad of celite. The 
filtrate was washed with sat. NaHC03. The aqueous layer was extracted 
twice with EtOAc. The combined organic layers were dried over 
anhydrous Na2S04» filtered , concentrated and chromatographed on 

25 silica gel eluting with hexane-EtOAc to give 2.94 g of the desired 
product 

iH-NMR (500MHz, CDCI3): 5 7.97(1H, d, J=8Hz), 7.65(1H, d, J=8Hz), 
7.6(1H, t, J=8Hz), 7.44(1H, t, J=8Hz), 4.11(2H, s), 3.73(3H, s), 3.47(2H, 
30 s). 



Mass Spectrum m/e = 225 (M++1) 
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10 



15 



20 



methvl ester 

/on. , , , T ° a SOlUti ° n ° f N^-^Phenylmethyl-glycine methyl ester 
(2.94 g, 13.1 mmol) in 80 ml CH3CN was added di-t-butyl dicarbonate 
(3.43 g, 15.7 mmol) and diisopropylethylamine (6.8 ml, 39 mmol). After 
stirring at room temperature overnight, the solvent was removed under 
reduced pressure, diluted with EtOAc, washed with NH4CI solution The 
aqueous layer was extracted with EtOAc twice. The combined organic 
layers were dried over anhydrous Na2S04, concentrated and 
chromatographed on silica gel eluting with hexane-EtOAc to give 4 1 1 g 
^N-2-mtrophenylmemyl-N-t-butyloxycarbonyl-glycm^ methyl ester. 
This material was dissolved in 150 ml of MeOH and hydrogenated in a 
Parr shaker (50 psi) with 164 mg of 10% Pd/C overnight. The reaction 
mixture was then filtered through a pad of celite and was concentrated 
The residue was chromatographed on silica gel eluting with hexane- 
EtOAc to give 3.6 g of the desired product. 

1H-NMR (500MHz, CDCI3): 8 7.1(1H, t, J=7.6Hz), 6.97(1H. d, J=7Hz), 
6.66(2H, multiplet), 4.47(2H, s), 4.41(2H, br. s), 3.71(3H, s), 1.46(9H, s). 

Mass spectrum m/e = 295 (M++1). 



25 



2r3HW™ 



30 



To a 150 ml DMF solution of N-(2-aminophenyl)methyl-N- 
w b ^ , 3 carbon y 1 -S , y^e methyl ester (3.6 g, 12.2 mmol) was added 
NaH (308 mg 12.8 mmol). After stirring overnight, DMF was removed 
under reduced pressure. The residue was diluted with CH 2 Q2 and was 
washed with aqueous NH4CI. The aqueous layer was extracted with 
CH2C12 twice. The combined organic layers were dried over anhydrous 
Na2S04, filtered and concentrated to give pale yellow fluffy solid This 
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material was suspended in hexanes : EtOAc = 5:1. The solid material 
was collected by suction filtration to give 2.53 g of desired product as 
white solid. 

5 1H-NMR (500MHz, CDC1 3 ): 5 8.1-6.95(4H, br m), 4.6-4.2(4H, br m) 
1.4(9H,brm). 

Mass spectrum m/e = 263 (M++1), 163(M+-Boc). 
10 Step p ; 4-t-PutvIpxvcaTWI-oc^^ 

To HOAc (50 ml) solution of the 4-t-butyloxycarbonyI-4 5- 
1 <; ^^"-^^^-i.^di^epin^H^ne (1.0 g ,3.8 mmol) was ' 
15 added 500 mg of Pt0 2 . This mixture was hydrogenated in a Parr shaker 
(50 ps,) overnight, then filtered through a pad of celite, and concentrated. 
The residue was diluted with EtOAc, washed with sat NaHC03 twice 
dried over anhydrous Na 2 S0 4 , filtered and concentrated. The residue* 
was chromatographed on silica gel eluting with hexane-EtOAc to give 
20 965 mg of the desired product 

Mass spectrum m/e = 269(M++1), 169(M+-Boc). 

Step E; 4-r-P^tvloxvcarhonv1-2-im«no-H^ f l h Y d m -c; s -i a. 
25 benzofe^diarepinft ^Y^nTrhhritlff 

This compound was prepared following the procedure 
described in examples 2 and 3. 

30 Mass spectrum m/e = 268(M++1) 

StspF; 2-Tmino-dfcnhydro-cis-l 4-hrnzofeMi^pjnr dihvrfm r f 1 |^ r j^ f 
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To EtOAc (1 mL) solution of 30 mg (0 1 mmon of A.t 
hy^ochlonde was added 2ml of EtOAc solution of anhydr^^Cl 

Mass spectrum m/e = 168 (M++1) 
10 EXAMPI F ]<7 

MmiiHHlmhvrtm ri T 7ft I -, w^- hvrtr-rhlnriili 




15 SltBA: 4 s.pihvrtm.<.H. h .„, W n . rnin ? (m 

».3 mL S H 2 o m a^ id ^ ^ 'fT*" "»*— * ' ^ CHC 3 / 
was added dTpw^e 1 1" " "* " a *- SU,faiC ( 0 5 
20 temperate. AfTTf ; nTuts L^T WanDed '° "« 

solutions were cooled to no c ;„ 7T° k . 3 ' Tbe conlbu,e d 

was added dropw^e iL r JL* f ^ and 2 2 ^ acid 
25 for 45 mf^hTL^ ""■"«• fte «**■ was wanned to 450 C 

diluted with H2Q and^t to ~^ u ^ e H f° 4 »*- ~ 
was added dropwise until „H ^ S S ° taaoa of Na0H 

with H20 / EtOAc ^rS? SUSPemi0n "» ^ 

aqueous phase was extra^ wT«h , n » 
30 organic layers were Sd^X. filt' H C ° mbined 
chromatogranhed h „ , wa 2S0 4 , filtered, concentrated, and 

the producT hCXaneS ' e * y ' <° i»ia te 0.64g (58%) of 
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lH NMR 500 MHz (CDCI3): 2.18-2.27 (m, 4H), 2.76 (t, 2H), 7 ( app. d, 
1H), 7.12 (app. t, 1H), 7.23 (app.t, 2H). 

5 Mass spectrum m/e =162 (M+l) 

Step B; Octahvdro-cis-3H-ben7/e^ a 7epin-2nHVnnP 

4,5-Dihydro-3H-benz(e)azepin-2(lH)-one (0.5 g, 3.1 mmol) was 
1 0 dissolved in 4 mL acetic acid and 0.25 g platinum (TV) oxide was added. 
The mixture was shaken under a hydrogen atmosphere at 50 psi 
overnight. The mixture was filtered through Celite, which was then 
washed with lOmL ethyl acetate. The collected solution was 
concentrated to a crystalline solid. Chromatography with hexanes / ethyl 
1 5 acetate isolated 0.45g (87%) of product. 

1H NMR (400MHz, CDCI3) 1.1-1.9 (m, 12H), 2.45 (m, 3H), 3.76 (app. s 
lH),5.2(brslH). 

20 Mass spectrum m/e =168 (M+l) 

Step C; 2-lmino-riecahvdn>-3H-henz(eWpiii hydrochloride 

The title compound was prepared following the procedure 
25 described in Examples 2 and 3. 

lH NMR (500 MHz, CD3OD) 1.0-2.4 (m, 13H), 2.58-2.76 (m, 3H), 3.34 
(m, 1H), 3.98 (s, 1H). 



30 Mass spectrum m/e = 167 (M+l) 
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EXAMPT.F15R 




HOAc 



15 



20 



Trans-OctahvdrQ-3-imino-2H-1.4-ben2thiazine. acetic acid salt 

The title compound was prepared from trans-2-aminocyclohexanol 
hydrochloride according to the procedure described in Example 140. 

Mass spectrum m/e = 171 (M+l) 



C i s-QctahYdrc-3-imino-2H-1.4-ben7thi a 7i n e. acetic acid salt 
Step A; 2-Ethoxvcarhonv1methv1thi o-cvc1nheicanon r 

A solution of 1.14 mL (10 mmol) of 2-chlorocyclohexanone 
in 15 mL of EtOH was treated with 1 . 1 mL (10 mmol) of ethyl 2- 
mercaptoacetate and 1.38 g (10 mmol) of K2CO3. After stirring for 1 h 
the reaction mixture was partitioned between water and Et20:EtOAC. 
The organic layer was washed with water, brine, dried and concentrated. 
Purification of the residue by chromatography using a gradient of 10-20% 
EtOAc-hexane furnished 2.0 g of the title compound. 



EXAMPT.R1SQ 




S 



Step B; Cis-Hexahvdro-1.4-ben7thiaYarin -3r4m-one 
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To a solution of 0.43 g (2 mmol) of 2- 
ethoxycarbonylmethylthio-cyclohexanone in 5 mL of MeOH, 0. 12 g 
(2.24 mmol) of NH4CI was added and strieed for lOmin to allow some 
of NH4CI to dissolve. A THF solution of NaCNBH3 (1M, 2.3 mL) was 
5 dropwise added to this mixture with a syringe pump over 40 min. White 
precipitate was formed as the reducing agent was added. After stirring 
for 4 h, the reaction was quenched by adding NaHC03 solution and 
extracted with EtOAc. The organic layer was washed with water, brine, 
dried and concentrated. The residue was dissolved in 3 mL of EtOH 
10 heated to 50 <>c for 2 h then allowed to stand for 2 d. The solution was 
concentrated and the residue was chromatographed using a gradient of 
20-100% EtOAc-hexane to isolate 30 mg of the desired product along 
with 53 mg of the ti^s-hexahydro-l,4-benzthiaxazin-3(4H)-one. 

15 1H NMR (CDC13): 1.2-2.0 (m, 8H), 3.08 (m, 1H), 3.22 and 3.34 (AB q 
2H, J=16 Hz), 3.75 (m, 1H), 6.3 (br s, 1H). 



20 



SttpC; Cis-O r tahYHro-3-iniino-2H-14-b ff nzthi a zinP ^ ^ 

The title compound was prepared from cis-hexahydro-1,4- 
benzthiaxazin-3(4H)-one by the method of Example 140 step D and E. 

1H NMR (CD30D): 1.35-2.1 (m, 8H), 1.95 (s. 3H), 3.4 (m, 1H), 3.46 
(d, 1H), 3.74 (m, 1H), 3.79 (d, 1H). 

Mass spectrum m/e = 171 (M+l) 

EXAMPT F i*n 

On 

30 ^^fl NH HCI 



25 



2-Imino-^(f>H)-oxa-rf,y-hexahvdir>-n ttt- TT j n T >H ne hvrir^h lnl^r 



w 
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StgP A; 1-Ben/vM ^fi.T-tefmhvrfr^-nvrinHin-? S-^ 0Tr 

To a solution of 3-benzylamino-cyclopent-2-en-l-one (5.0 g, 0.027 
mol) in dry tetrahydrofuran (THF) (120 mL) at reflux temperature was 
5 added over 90 min. a solution of acryloyl chloride (3. 15 g, 0.035 mol) in 
THF (60 mL). Stirring at reflux temperature was maintained for an 
additional 10 hours. The reaction mixture was cooled and washed with 
saturated sodium bicarbonate solution (100 mL). The aqueous layer was 
extracted with diethyl ether (2 x 100 mL), and the combined organic 
10 layers dried (Na2S04), and evaporated. The residue was 

chromatographed on silica gel (20-30% acetone/hexane) to afford the tide 
compound as an oil that solidified upon standing; yield 2.17 g (34%). 

lH NMR (400 MHz, CDC1 3 ): d 2.45 (m, 2H); 2.52 (m, 2H); 2.63 (m, 
15 2H); 2.73 (t, 2H); 4.91 (s, 2H); 7.18-7.36 (m, 5H). 

Mass spectrum: m/e 242 (M + 1). 

StePB; l-Penzvl-qv-hexahvdro-nvrinHin.? s.Hfr n r 

20 

A mixture of l-benzyl-3,4,6,7-teti^ydro-pyrmdin-2,5-dione (780 
mg, 3.23 mmol) and sodium carbonate (156 mg) in ethanol (40 mL) was 
hydrogenated in the presence of 10% paUadium-on-charcoal (390 mg) at 
50 psi for 48 h. The catalyst was removed by filtration through Celite 
25 washed with methanol, and the combined filtrate and washings 

evaporated. TLC indicated a mixture of the saturated ketone and slower- 
moving alcohol. The crude product was therefore subjected to oxidation 
with tetrapropylammonium perruthenate(VII) (TPAP) (52 mg, 0.147 
mmol) in methylene chloride (8 mL) in the presence of 4- 
30 methylmorpholine N-oxide (514 mg, 4.39 mmol), and powdered 4A 

molecular sieves ((1.47 g). After stirring for 1 h at room temperature, the 
reaction mixture was placed on top of a column of silica gel (30 g) 
(packed as a slurry in 20% acetone/hexane). Elution with the same 
solvent system afforded the title compound; yield 540 mg (69%). 
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10 



15 



1H NMR (400 MHz, CDC1 3 ): d 1.89 (m, 1H); 1.96-2.09 (m, 2H); 2.16- 
2.37 (m, 3H); 2.42 (m, 2H); 2.50 (m, 1H); 3.98 (m, 1H); 4.25 (d, 1H)- 
5.18 (d, 1H); 7.21-7.32 (m, 5H). 

Mass spectrum: m/e 244. (M + 1). 

StgpC; l-Prn^Yl-^-QXa-CW-hexahvdro-qiiinn1^ e -2.6-dinn fta r 1 ^ |. 
be^Y?-6-OXa-ryv-hpxahvdrn-q,iinnl ine-2.5-riin» T P 

To a solution of l-benzyl-cw-hexahydro-pyrindin-2,5-dione (195 
mg, 0.801 mmol) in chloroform (5 mL) was added p-toluenesulfonic acid 
(10 mg) and a solution of m-chloroperbenzoic acid (138 mg, 0.801 
mmol) in chloroform (5 mL). The reaction mixture was stirred for 2 days 
at room temperature and then evaporated. The residue was 
chromatographed on silica gel (30% acetone/hexane) to afford a mixture 
(-55:45) of the tide compounds; yield 73 mg (35%). 

1H NMR (400 MHz, CDCI3) for l-benzyl-5-oxa-cw-hexahydro- 

T^ntf^X (SCPtet ' 1H): 363 (q * 1H); 401 (d ' 1H); 

Step D; l-Pen7vT-5r6HVoT n -^/ i y -hf 7 rohvdrn-qnt n v T ^ f - ? - r T1 f 

To a solution of the mixture of lactones from Step C (65 me 
0.251 mmol) in THF (1 mL) cooled to -78°C was added 
diisobutylaluminum hydride (1.0M solution in hexanes) (0.50 mL, 0 502 
mmol). After stirring for 1 hour at -78 °C, the reaction was quenched by 
pounng mto saturated ammonium chloride solution at 0 °C. The mixture 
30 was extracted with chloroform (2 x 25 mL) and the combined organic 
extracts dried (Na2S04). The crude lactol was treated with triethylsilane 
(41 mL, 0.258 mmol) and boron trifluoride-etherate (23 mL, 0.189 mmol) 
in methylene chloride (1 mL) at -20 °C for 1 hour. Additional 
tnethylsilane (27 mL) and boron trifluoride-etherate (21 mL) were added 



20 



25 
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and the mixture was stirred overnight at room temperature. The mixture 
was diluted with methylene chloride, washed with saturated sodium 
bicarbonate solution, dried (Na2S04) and evaporated. Chromatography 
on silica gel (20% acetone/hexane) afforded the tide compound as the 
5 faster-moving on TLC of the two products; yield 5.2 mg. 

lH NMR (400 MHz, CDC13): d 1.77 (m, 1H); 2.09 (m, 2H); 2.45 (dq, 
1H); 2.77 (septet, 1H); 3.29 (m, 1H); 3.51 (m, 1H); 3.75 (m, 1H); 3.88 
(m, 1H); 4.1 1 (d, 1H); 5.31 (d, 1H); 7.21-7.32 (m, 5H). 

10 

Mass spectrum: m/e 246 (M + 1). 

Step E: 5f6m-Oxa-cM-hexahvdro-quinoline-(lHV2-one 

15 The above compound is prepared in a similar fashion as 

Example 121, Step D, but substituting l-benzyl-5(6H)-oxa-ro- 
hexahydro-quinoline-2-one in place of l-benzyl-3-methyl-octahydro-cw- 
pyrano[4,3-b]pyridin-2-one. 

20 Step F: 2-Imino-5r6HVoxa-ci.y-hexahvdro-f lHVquinoline hydrochloride 

The above compound is prepared from 5(6H)-oxa-cw- 
hexahydro-quinoline-(lH)-2-one following the procedures described in 
Steps E and F of Example 1 16. 

25 

EXAMPLE 161 



NH HCI 

30 2-Imino-4-methvl-5f 6HVoxa-ciJ-hexahvdro-( 1 HVquinoline 

hydrochloride 




WO 96/14844 



PCTAJS95/14812 



-228- 

Step A; l-Benzvl-4-methvl-3.4.6.7-tetrahvdm-pvrindin-2 5-riinnft 

A solution of 3-benzylamino-cyclopent-2-en- 1 -one (2.0 g, 
10.7 mmol) and diethyl etfaylidenemalonate (2.5 mL, 13.7 mmol) was 
5 stirred for 5 days at 140 °C. The cooled mixture was evaporated, and the 
residue partitioned between ethyl acetate and brine solution. The organic 
layer was evaporated, and the crude product chromatographed on silica 
gel (25% acetone/hexane) to afford the tide compound as an oil that 
solidified upon standing; yield 950 mg (35%). 

10 

lH NMR (400 MHz, CDCI3): d 1.1 1 (d, 3H); 2.42 (m, 2H); 2.53-2.65 
(m, 2H); 2.78 (dd, 1H); 2.92 (m, 1H); 4.79 (d, 1H); 5.07 (d, 1H); 7.18- 
7.37 (m, 5H). 

Mass spectrum: m/e 256 (M + 1). 

15 

Step B: l-Benzv1-4-methvl-cf,v-hexahvdro-pv rindin-2.5-dione 

The above compound is prepared in a similar fashion as 
Example 160, Step B, but substituting l-benzyl-4-methyl-3,4,6,7- 
20 tetrahydro-pyrindin-2,5-dione in place of l-benzyl-3,4,6,7-tetrahydro- 
pyrindin-2,5-dione. 

Step C; ^Benzv1-4-rnethvl-5-oxa-rl5-h e x a hvdrn- 9 uinolin e -2.6-dinnfi 
Mid l-benZYl-4-methvl-6-oxa-ci.v-hexahvdro-qiiin oline-2.5-diofi« 

25 

The above compound is prepared in a similar fashion as 
Example 160, Step C, but substituting l-benzyl-4-methyl-cw-hexahydro- 
pyrindin-2,5-dione in place of l-benzyl-cis-hexahydro-pyrindin-2,5- 
dione. 

30 

Step P; !-Bcn?;v1-4-methvl-5f6H)-oxa-ci.v-hex a hvdro- quinoline-2-on e 



The above compound is prepared in a similar fashion as 
Example 160, Step D, but substituting l-benzyl-4-methyl-5-oxa-cw- 
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hexahydro-quinoline-2,6-dione and l-benzyl-6-oxa-cw-hexahydro- 
quinoline-2,5-dione in place of l-benzyl-5-oxa-cw-hexahydro-quinoline- 
2,6-dione and l-benzyl-6-oxa-cw-hexahydro-quinoline-2,5-dione. 

5 Step E; 4-Methvl-5(6H)-oxa-cis-hexahvdro-auinolin e-(im-2-one 

The above compound is prepared in a similar fashion as 
Example 121, Step D, but substituting l-benzyl-4-methyl-5(6H)-oxa-cw- 
hexahydro-quinoline-2-one in place of l-benzyl-3-methyl-octahydro-cw- 
10 pyrano[4,3-b]pyridin-2-one. 

Step F; 2-Imino^-methvl-5(6m-oxa-c«-hexahvdro-riHVqiiinnlinP 
hydrochloride 

15 The above compound is prepared from 4-methyl-5(6H)-oxa- 

cii-hexahydro-quinoline-(lH>2rone following the procedures described 
in Steps E and F of Example 116. 



2-Imino-decahvdro-rrans-1.4-be^ 

25 Step A: (+) and (-) -cis-2-t-Butv1oxvcarhonv1 fl mino- 
CVClohexanetnethannT 

To a 60 mL ethanol solution of (+)-cis-2-benzylamino- 
cyclohexanemethanol (2 g, 9.1 mmol) was added 0.7 g of 10% Pd/C. 
30 This mixture was subjected to hydrogenolysis condition in a Parr shaker 
(H2, 50 psi) overnight. Then the catalyst was removed by suction 
filtration through a pad of Celite. The solvent was removed under 



EXAMPTJR 162 
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reduced pressure and the residue was dissolved in 60 mL of acetonitrile 
To it was added 1 1 mL of IN NaOH and 2.39 g (1 1 mmol) of di-t-butyl 
dicarbonate. After stirring overnight, the solvent was removed under 
reduced pressure. Resulting oil was chromatoghaphed on silica gel 
eluting with hexanes/EtOAc to obtain 1 .98 g of (+) -cis-2-t- 
butyloxycarbonylamino-cyclohexanemethanol. (-) -cis-2-t- 
Butyloxycarbonylamino-cyclohexanemethanol was obtained in a similar 
fashion starting from (-)-cis-2-benzylamino-cyclohexanemethanol. 

iH-NMR (500 MHz, CDC1 3 ): d 4.8(br s, 1H), 4.2(br s, 1H), 4.05(br s 
1H), 3.4-3.2(m, 2H), 1.8-0.8(m, 17H). 

Ste P B; WS-2-mMrYloxYcybonvl-aminorvcloh e Y a n^ a ^ n | ir M r 

To a 60 mL dry dichloromethane solution of dimethylsulfoxide 
(1.86 mL, 26.2 mmol) was added oxalyl chloride (1.14 mL, 13.0 mmol) 
with cooling in a dryice-acetone bath. After stirring for 15 min, a 
solution of 1 g (4.36 mmol) of (+) -2-t-butyloxycarobonylamino- 
cyclohexanemethanol and (-) -2-t-butyloxycarbonylamino- 
cyclohexanemethanol (1 g, 4.36 mmol) in 30 mL of CH2C12 was added 
with a cannula. The internal temperature was maintained between -50 
and -60 oc for 35min and the reaction was quenched by addition of 4 86 
mL (34.8mmol) of Et3N . The cooling bath was removed and the 
reaction mixture was warmed up to room temperature. The solvent was 
removed under reduced pressure and the residue was diluted with EtOAc 
and water. The phases were separated and the aqueous phase was 
extracted twice with small portions of EtOAc. The combined organic 
phases were dried over anhydrous Na2S04, filtered, concentrated and 
chromatographed on silca gel eluting with hexanes/EtOAc to obtain 2 0 g 
30 of the title compound. " 

IH-NMR (500 MHz, CDCI3): d 9.71 (s, 1H), 5.23 (br.s, 1H), 3.9" (br s, 
1H), 2.7 (br s, 1H), 2.0-1.2 (m., 17H). 
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StepC: cisVtims-2-t-BwtylPxygart>9nylaming- 

cvclohexanecarboxaldehvde 

(+/-) -cis-2-t-Butyloxycarobonylamino- 
5 cyclohexanecarboxaldehyde (2 g, 8.8 mmol) was dissolved in 100 mL of 
methanol. To it was added NaOMe/MeOH prepared from 10 mg sodium 
and 5 mL of dry methanol. This mixture was heated to reflux for 2 h then 
47mg of NH4C1 was added and the solvent was removed under reduced 
pressure. The residue was chromatoghaphed on silica gel eluting with 
10 hexanes/EtOAc to obtain 1.7 g of the title compound. The ratio of cis 
and trans isomers was determined to be 1 : 3.2 (cis/trans) by iH-NMR. 

*H-NMR for (+/-) -trans-2-t-B uty loxy carbony lamino- 
cyclohexanecarboxaldehyde (500 MHz, CDC13): d 9.6 (s, 1H), 4.5 (br s, 
15 1H), 3.8 (br.s, 1H), 2.05-1.2 (m, 17H). 

Step D: N-(cis/trans-(2-t-Butvloxvcarbonvlamino-cvclohexvnmethvn- 
glycine methvl ester 

20 To a 75 mL dry methanol solution of (+/-) -cis/trans-2-t- 

butyloxycarbonylamino-cyclohexanecarboxaldehyde (1.7 g, 7.5 mmol) 
were added glycine methylester hydrochloride (1.13 g, 9 mmol) and 3 g 
of powedered molecular sieves (3 A). After stinting overnight, a THF 
(50 mL) solution of 1.4 g (22.3 mmol) of sodiumcyanoborohydride was 

25 added. This mixture was stirred for 8 h and the solvent was removed 
under reduced pressure. The residue was suspended in EtOAc and was 
filtered through a pad of Celite. The filtrate was washed with sat. 
NaHC03, dried with anhydrous Na2S04, filtered, concetrated and 
chromatographed on silica gel eluting with hexanes/EtOAc followed by 

30 CH2C12/MeOH to obtain 600 mg of the desired compound. 

iH-NMR (500MHz, CDCI3): d 3.73 (s, 3H), 1.45 (s, 9H) other peaks 
could not be analyzed due to the broadning . 
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Mass Spectrum: m/e = 301 (M+l). 
Step E: 



25 



30 



5 To a 10 mL EtOAc solution of (+/-)-N-(cis/trans-(2-t- 

m?!°Z Car n ny ^^ c y clohex y^e%l)-glycine methyl ester (300 
mg, l^Ommo ) was added 10 mL of EtOAc saturated with anhydrous HC1 
gas. After stirring for 2 h, the solvent was removed under reduced 
pressure to give a white solid. This material was chromatographed on 

1H-NMR (500 MHz, CDC1 3 ): d 3.75 (s, 3H), 3.05-2.95 (m, 3H), 2.4-2.3 
Mass Spectrum: m/e = 201 (M+l). 

s ' epF: ag^^ • OTnhY<^^, ^ lH ' M |i,| " - 

» mi „„ T ° *, ? m V" bsoIu,e eth « n °l soMon of (^N^cis/trans-a- 

"^f" ' 86 m * < 135 ™°ol) of potassium carbonate. This slurry was 
hea^dtorefluxovermght TLC analysis of the reaction indica JIT 
the starting material disappeared and a product was formed. ThenZ 

dmolved m 10 mL of acetonitnle and 2 mL of water, to which was added 
254 mj ;( .16 mmol) of di-t-butyldicarbonate. After string overnight, 
acetomm e was removed under reduced pressure and the LiduTZ 
drtoted with EtOAc and saturated ammonium chloride soMoTxT 

aoTc* n? c r h SeP T ted md ^ a " Ue0US P ha " w - ««~«ed with 
E^Aa The combined orgamc phases were dried over anhydrous 

SnSnr'r '™ d ^"graphed on silica gel eluting 
with CH202*MeOH to obtain 146 mg of the desired compound 
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lH NMR (500 MHz, CDC13): d5.3 (br.s, 2H), 4.2-3.6 (br m, 4H), 3.05 
(br s, 1H), 2.8 (br s, 1H), 1.47 (s, 9H). 

5 Mass Spectrum: m/e = 269 (M+l). 

Step G: 4-t-Butvloxvcarbonvl-2 -imino-decahvdro- 1 H-benzore)-trans- 
1.4-diazepine 

10 This compounds were prepared following the procedure of 

EXAMPLE 43 Step E and F. The cis and trans isomers were separated 
by silica gel chromatography eluting with CHC13:MeOH:NH40H 
(40:5:1). 

15 iH-NMR (500 MHz, CDCI3): d4.7 (m, 1H), 4.2-3.6 (m, 5H), 3.05 (br s, 
1H), The rest of the spectum could not be analyzed due to line broadning. 

Mass Spectrum: m/e = 268 (M+l). 

20 Step H: 2-Imino-decahvdro-trans-1.4-benzore>diazepine 
^hydrochloride 

Title compound was prepared as described in Example 156 Step F. 



25 Mass Spectrum: m/e = 168(M+1). 
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WHAT IS PT.ATMFp |fr 

1. A compound of Formula I 

<>;V 



R 4 R 



5a 



5 I 

or a pharmaceutically acceptable salt thereof wherein: 
side a or side b has a double bond, 
nisO, 1,2, 3 or 4 

X is selected from CH2, CR12R13, 0, S(0) m , NH, and -N(Cl-6alkyl)-, 
10 misO, lor2, 

Rl, R2, R3, Rl2 and R13 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Cl-i2alkoxy, 

15 (c) Cl-i2alkylS(0)k wherein k is 0, 1 or 2, 

(d) monoCi-i2alkylamino, 

(e) (di-Cl-i2alkyl)amino, 
(0 Ci-i2alkylcarbonyl, 
(g) Cl-l2alkyl, 

20 (h) C2-12alkenyl, 

(i) C2-12alkynyl, 
0) C5-10cycloalkyl, 

(k) hetero C5-10cycloalkyl, wherein the hetero CS-iOcycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S O 
25 andN, 

0) aryl, selected from phenyl or naphthyl, 
(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) benzimidazolyl, 
30 (2) benzofuranyl, 
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10 



15 



20 



(n) 
(o) 
(P) 

(q) 



25 



30 



(3) benzooxazolyl, 

(4) furanyl, 

(5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 

(15) pyrrolyl, 

(17) isoquinolyl, 

(18) tetrazolyl, 

(19) thiadiazolyl, 

(20) thiazolyl, 

(21) thienyl, and 

(22) triazolyl, 

amino, 
oxo, 

C(0)OH, 

C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi-6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 
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(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7, 
(r) hydroxy, 

or when two members of the group Ri, R2 and R3 including the 
5 optional substituents present thereon, reside on the same 

atom of Formula I, or two of the group Ri, R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 

10 which they are attached there is formed a saturated or 

unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Ri, R2 and R3 including the 

15 optional substituents present thereon, resides on an atom 

adjacent to die N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 

20 monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

optionally containing up to three hetero atoms selected from 
N, O or S, 

with the proviso that one of R12 and R 13 are other than H, 
R4» R5 and R5a are each independendy selected from die group 
25 consisting of 

(a) hydrogen, 

(b) linear and branched C 1 - 1 2alkyl, optionally mono or di- 
substituted, the substituents being independently selected 
from 

30 (1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 
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(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, Cl-4alkyl, or Cl-4alkoxy, 
5 (c) -C(0)NR8R9. where R8 and R9 are each independently 

hydrogen, phenyl, cyclohexyl or Ci-6alkyl, said Ci-6alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
10 (3)carboxy, 

(4) -NRioRl 1 , wherein Rio arid Ri i are each 

independently H, Cl-6alkyl, phenyl or benzyl, 

(5) -ORl0, 

(6) -C(O)ORi0, 

15 (?) -S(O) m Ri0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 
< 10 > optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 
(1 1) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 

above, 

02) optionaUy substituted hetero C5-l()cycloalkyl wherein 
hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 

(d) -C(S)NR8Ro, 

(e) -C(0)R9, 

(f) -C(0)OR9, 
30 (g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 
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2. A compound according to claim 1 wherein 
nisO, 1,2, 3 or 4, 

X is selected from CH2, CR12R13, 0, S(0)m, NH, and -N(Ci-6alkyl)-, 
m is 0, 1 or 2, 

5 Rl, R2, R3, Rl2 and R13 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Ci-6alkoxy, 

(c) Ci-6alkylamino, 
10 (d) Ci-6alkylcarbonyl, 

(e) Ci-6alkyl, 

(f) C2-6alkenyl, 

(g) C2-6alkynyl, 

(h) C5, C6 or C7cycloalkyl, 

15 ® hetero C5, C6 or C7cycloalkyl,wherein the hetero C5, C6 or 

C7cycloalkyl optionally contains 1 or 2 heteroatoms selected 
from S, O and N, 
(j) aryl, selected from phenyl or naphthyl, 
(k) heteroaryl, wherein heteroaryl is selected from the group 
20 consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 

(3) benzooxazolyl, 

(4) furanyl, 
25 (5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 
30 (10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 
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(15) 


pynolyl, 


(16) 


quinolyl, 


(17) 


tetrazolyl, 


(18) 


thiadiazolyl, 


(19) 


thiazolyl, 


(20) 


thienyl, and 


(21) 


triazolyl, 



(1) hydroxy, 

each of (b) to (k) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where R6 and R7 are selected from hydrogen, 

phenyl, cyclohexyl or C 1 -6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=:NR6)-NHR7, 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on die same 
atom of Formula I, or two of the group Rl, R2 and R3, 
including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 

or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
5 N.OorS, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 and R5 a are each independendy selected from the group ' 
consisting of 

(a) hydrogen, 

10 (b) linear and branched Q. 6^1, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

15 (3)-NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

20 (c) -C(0)NRgRo, where Rg and R 9 are each independently 

hydrogen, phenyl, cyclohexyl or Cl^alkyl, said Ci-4alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
25 (3) carboxy, 

(4) -NR10R1 1, wherein Rio and Ri 1 are each 

independendy H, Cl-4alkyl, phenyl or benzyl, 

(5) -OR10. 7 

(6) -C(O)ORi0, 

30 ( 7 ) -S(O) m Rl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl andaryl 

substituents are as defined above, 
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(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5, C6 or C7cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
5 above, 

(12) optionally substituted hetero C5, C6 or C7cycloalkyl 

wherein hetero cycloalkyl and hetero cycloalkyl 
substituents are as defined above, 
(d) -C(S)NR8R9, 
10 (e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R 9 , 

(h) phenyl, 

(i) cyclohexyl, 

1 5 such that R4 is present only when side a is a single bond and side b is a 
double bond. 



3. A compound according to claim 2 wherein 
n is 0, 1, 2, 3 or 4 
20 X is selected from CH2, CR12R13, 0, NH and -N(Ci-4alkyl)-, 

Rl. R2, R3. Rl2 and R13 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Cl-6alkoxy, 

25 (c) Ci-6alkylamino, 

(d) Cl-6alkylcarbonyl, 

(e) Cl-6alkyl, 

(f) C2-6alkenyl, 

(g) C5,C6orC7cycioalkyl, 

50 (h) hetero C5 or Q> cycloalkyl,wherein the hetero C5 or Ce 

cycloalkyl optionally contains 1 heteroatom selected from S, 
OandN, 

(i) aryl, selected from phenyl or naphthyl, 
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(j) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) furanyl, 

(2) pyrazinyl, 
5 (3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 

(7) thienyl, and 
10 (8) triazolyl, 

(k) hydroxy, 

each of (b) to (j) being optionally mono or di- substituted the 

substituents being independently selected from 
(1) hydroxy, 
15 (2) carboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or Ci-4alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

20 (6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR 7 , 

or when two members of the group Ri, R 2 and R3 including the 
25 optional substituents present thereon, reside on the same 

atom of Formula I, or two of the group Ri , R2 and R3, 
including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
30 wnich m ey are attached there is formed a saturated or 

unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
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or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
5 on which R4 resides and the carbon on which said member 

resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, OorS, 

1 0 with the proviso that one of R 1 2 and R 1 3 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci-6alkyl, optionally mono or di- 
15 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 
20 (4) -OR6, 

(5) -C(0)OR6. 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NR$R9, where R£ and R9 are each independently 
25 hydrogen, phenyl, cyclohexyl or C l -4alkyl, said C 1 -4alky 1 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

30 (4) -NRioRll, wherein Rio and Rn are each 

independently H, Ci-4alkyl, phenyl or benzyl, 

(5) -ORio, 

(6) -C(O)ORl0, 

(7) -S(O) m Rl0. where m is 1 or 2, 
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10 



15 



20 



(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above 

(1 1) optionally substituted C 5 or C 6 cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C 5 or C6 cycloalkyl 

wherein hetero cycloalkyl and hetero cycloalkyl 



(d) 


-C(S)NR8R9, 


(e) 


-C(0)R 9 , 


(f) 


-C(0)OR 9 , 


(g) 


-C(S)R 9 , 


(h) 


phenyl, 


(i) 


cyclohexyl, 



doubleboni ' ^ S,deaiSa bond -* b is a 

„i.n ■ , A compound according to Claim 3 wherein 

n is u, i, z or 3, 

X is selected from CR12R13, NH and -N(Ci.4aIkyi>. 
£2£ of Rl2 andRl3 " ^ ^ from ft. group 



25 consisting of 

(a) hydrogen, 

fl>) Cl-4alkoxy, 

(c) Ci-4alkylamino, 

(d) Ci-4alkylcarbonyl, 

30 (e) linear and branched Ci-4alkyl, 

(0 hydroxy, 



each of (b) to (e) being optionally mono or di- substituted 

the substituents being independendy selected from 
(1) hydroxy. 



WO 96/14844 



PCT/US95/14812 



-245- 

(2) carboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or Cl-3alkyl, 

(4) -OR6, 

5 (5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
1 0 atom of Formula I, or two of the group R l , R2 and R3, 

including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
15 unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl , R2 and R3 including the 
optional substituents present thereon, resides on an atom 
20 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
25 optionally containing up to three hetero atoms selected from 

N, O or S, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 
30 (a) hydrogen, 

(b) -C(0)NR8R9, where R8 and R9 are each independently 

hydrogen or Ci_3alkyl, said Ci-3alkyl optionally substituted 
by 

(1) hydroxy, 
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(2) amino, 

(3) carboxy, 

(4) -NRioRl l, wherein Rio and Ri i are each 

independently H or Cl-3alkyl, 
5 (5) -ORio, 

(6) -C(O)ORi0, 

(7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I 
(c) -C(S)NR8R9, 

10 (d) -C(0)Ro, 

(e) -C(0)OR9, 

(f) -C(S)R9, 

(g) -C(S)HRo. 

(h) -Ci-4alkyl; and 
15 R] 3 is hydrogen. 



5. A compound according to Claim 4 wherein 

n is 0, 1, 2 or 3, 

20 X is selected from CR12R13, NH and -N(Cl-4alkyl)-, 

Rl. R2. R3.R12 and R 23 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Ci_4alkoxy, 

25 (c) Cl^alkylainino, 

(d) Ci-4alkylcarbonyl, 

(e) linear and branched C 1 -4alkyl, 

(f) hydroxy, 

30 of to < e > ^fi optionally mono or di- substituted 

the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or Ci_3alkyl, 
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(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 
5 R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where Ro is hydrogen or Ci-3alkyl, 
said C 1-3 alky 1 optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri l are each 

independently Cl-3alkyl, 

(5) -ORio, 

15 (6) -C(O)ORi0, 

(7) -S(O) m Ri0, where m is 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -C(S)NHRq; 

(d) -Cl-4alkyl. 

20 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHRo, 

(c) -C(S)NRgR9. 

(d) -Ci-4alkyl, and 

25 R5a and R13 are each hydrogen. 

6. A compound of Formula I according to Claim 1 



15a 



30 
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or pharmaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
nisO, 1,2, 3 or 4 

X is selected from CH2, 0, S(0) m and NH, 
5 Rl, R2 and R3 are each independently selected from the group consisting 

of 

(a) hydrogen, 

(b) Cl-l2alkoxy, 

(c) Cl-i2alkylS(0)k wherein k is 0, 1 or 2, 
10 (d) mono Cl-l2alkylamino, 

(e) (di-Ci-i2alkyl)amino, 

(f) Cl-l2alkylcarbonyl, 

(g) Cl-I2alkyl, 

(h) C2-12alkenyl, 
15 (i) C2-12alkynyl, 

(j) C5-10cycloalkyl, 

(k) hetero C5-l0cycloalkyl,wherein me hetero C5-I0cycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
andN, 

20 Q) aryl, selected from phenyl or naphthyl, 

(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 



25 



30 



(1) 


benzimidazolyl, 


(2) 


benzofuranyl. 


(3) 


benzooxazolyl, 


(4) 


furanyl, 


(5) 


imidazolyl, 


(6) 


indolyl, 


(7) 


isooxazolyl, 


(8) 


isothiazolyl, 


(9) 


oxadiazolyl, 


(10) 


oxazolyl, 


(11) 


pyrazinyl, 


(12) 


pyrazolyl, 
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pynayi, 




pynnuayi, 


(15) 


pyrrolyl, 


(17) 


isoquinolyl, 


(18) 


tetrazolyl, 


(19) 


thiadiazolyl, 


(20) 


thiazolyl, 


(21) 


thienyl, and 


(22) 


triazolyl, 



10 (n) amino, 

(o) oxo, 
(p) C(0)OH, 

(q) C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi-6alkyl, 

15 each of (b) to (m) being optionally mono or di- substituted 

the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where R7 is selected from hydrogen, phenyl, 
20 cyclohexyl or C l -6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 
25 (8)-C(=NR6>NHR7, 

(9)-S-C(=NR6)-NHR7, 
or when two members of the group Ri, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group R], R2 and R3, 
30 including the optional substituents present thereon, reside on 

adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
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monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Ri, R2 and R3 including the 
optional substituents present thereon, resides on an atom 

5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

0 optionally containing up to three hetero atoms selected from 

N.OorS, 

R4, R5 and R5 a are each independently selected from the group 
consisting of 

(a) hydrogen, 

15 (b) linear and branched CM 2 alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

20 (3) -NR6R7, 

(4) -OR6, 

(5) -C(0)OR 6 , 

(6) -S(0)kR6, 

( 7 ) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, Cl^alkyl, or Cl-4alkoxy, 
(c) -C(0)NR8R9, where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Ci-6alkyl, said Ci-6alkyl 
optionally substituted by 
30 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R1 1, wherein Rio and Ri 1 are each 

independently H, Ci_6alkyl, phenyl or benzyl, 



WO 96/14844 



PCT/US95/14812 



10 



15 



20 



-251- 

(5) -ORio, 

(6) -C(O)ORi0, 

(7) -S(O) m Ri0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(1 1) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5-10cycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 



(d) 


-C(S)NRgRa, 


(e) 


-C(0)R 9 , 


(f) 


-C(0)OR9, 


(g) 


-C(S)R 9 , 


(h) 


phenyl, 


(i) 


cyclohexyl, 



present only when side b is a single bond. 



7. A compound according to Claim 6 wherein 
25 n is 0,1, 2, 3 or 4, 

X is selected from CH2, O, S and NH, 

Rl, R2 and R 3 are each independently selected from the group consisting 

(a) hydrogen, 

30 (b) Ci-6alkoxy, 

(c) Ci-6alkylamino, 

(d) Cl-6alkylcarbonyl, 

(e) Cl-6a!kyl, 

(f) C2-6alkenyl, 
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(g) C5, C6 or C7cycloalkyl, 

(h) hetero C5 or C6 cycloalkyl.wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S 
O and N, 

(i) aryl, selected from phenyl or naphthyl, 

0") heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) furanyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 

(7) thienyl, and 

(8) triazolyl, 

each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R 7 are each independently 

hydrogen, phenyl or Cl-4alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

or when two members of the group Ri, R 2 and R 3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri, R 2 and R3, 
including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
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monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
*0 optionally containing up to three hetero atoms selected from 

N;OorS, 

R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

15 (b) linear and branched Ci-6alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

20 (3) -NR6R7. 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

25 (c) -C(0)NR8R9, where R8 and R9 are each independently 

hydrogen, phenyl, cyclohexyl or Ci-4alkyl, said Ci-4alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
30 (3) carboxy, 

(4) -NRioRll, wherein Rio and Rl 1 are each 

independently H, Ci-4alkyl, phenyl or benzyl, 

(5) -OR10, 

(6) -C(O)ORl0, 
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10 



15 



20 



(7) -S(O) m Rl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9 optionally substituted aryl wherein the aryl and 
substituents are as defined above, 

(10) optionally substituted heteroaryl wherein the heteroaryl 

and substituents are as defined above, 

(1 1) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

wherein the hetero cycloalkyl and substituents are as 
defined above, 

(d) -C(S)NRgR9, 

(e) -C(0)R 9 , 

(f) -C(0)OR9, 

(g) -C(S)Rp, 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 
double bond. 

8. A compound according to Claim 6 of the formula 



R 2 



N 

R 4 



or 



N 
R 4 



N 



25 



wherein 
n is 0, 1 or 2. 



9. A compound according to Claim 8 wherein 



n is 0, 1 or 2, 
X is selected from CH2 and NH, 
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Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched C 1 -6alkyl, wherein said C l -6alkyl 

5 is optionally mono or di- substituted the substituents being 

independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-3alkyl, 
10 (3) -OR6, 

(4) -C(0)OR6, 

(5) -S(0)kR6, where k is 0, 1 or 2, 

(c) hydroxy, 

(d) Cl-6alkoxy; 

15 R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-3alkyl, said Ci- 
3alkyl optionally substituted by 

(1) hydroxy, 
20 (2) amino, 

(3) carboxy, 

(4) -NR10R1 1 , wherein Rio and R 1 1 are each 

independently Ci-3alkyl, 

(5) -ORlO, 

25 (6) -C(O)ORi0, 

(7) -S(O) m Rl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -C(S)NHR9; 

(d) Ci-3alkyl; 

30 R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NRgR9. 

(d) -Ci-3alkyl. 



\ 
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10. A compound according to Claim 9 of the formulae 
Ra *?3 R s 



R < or «4 or R 2 R 4 



wherein 

X is selected from CH2, NH and S, 

Rl, R2 and R3 are each independendy selected from the group consisting 

(a) hydrogen, 

(b) linear and branched Ci-6alkyl, wherein said Ci-6alkyl 

is optionally mono or di- substituted the substituents being 
independendy selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 
15 hydrogen or Cl-3alkyl, 

(3) -OR6, 

(4) -C(0)OR6, 

(5) -S(0)kR6, where k is 0, 1 or 2, 
(c) hydroxy, 

20 (d) Cl-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-3alkyl, said Cl- 
3alkyl optionally substituted by 

25 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 

independendy Ci-3alkyl, 



WO 96/14844 



PCT/US95/14812 



-257- 

(5) -ORlO, 

(6) -C(O)ORi0, 

(7) -S(O) m Rl0> where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
5 (c) -C(S)NHR9; 

(d) Cl-3alkyl; 
R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 
10 (c) -C(S)NR8R9. 

(d) -Cl-3alkyl. 

11. A compound according to Claim 1 0 wherein 

X is CH2, 

15 Rl, R2 and R3 are each independently is selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched C i-6alkyl, said C 1 -6alkyl 

being optionally mono or di- substituted the substituents 
20 being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 

(3) -C(0)R6, and 

25 (4) -S(0)kR6, where k is 1 or 2, 

(c) hydroxy, 

(d) Cl-6alkoxy; 

R4 is selected from the group consisting of 
(a) hydrogen, 
30 (b) Cl-3alkyl; 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C l-4alkyl, said 
Cl-4alkyl optionally substituted by 
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(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRi l , wherein Rio and R 1 1 are each 
5 independently 

Ci-3alkyl, 

(5) -ORio, 

(6) -C(O)ORi0, 

(7) -SRio, and 

10 (8) -S(O) m Ri0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NRgR9. 

(d) Ci-3alkyl. 

15 12. A compound according to Claim 1 1 

wherein 
Xis CH2, 

Rl and R2 are each selected from the group consisting of 

hydrogen, hydroxy or linear and branched Ci-6alkyl, said 
20 Cl-6alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 
2 5 hydrogen or C l -3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 
R3 is linear and branched Cl-4alkyl, 

R4 is selected from the group consisting of 
30 (a) hydrogen, 

(b) Cl-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHRo, where R9 is hydrogen or C 1 -4alkyl, said 
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Cl-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

5 (4) -NRloRl 1. wherein RlO and Rl l are each 

independently 
Ci-3alkyl, 

(5) -ORlO, 

(6) -C(0)ORia 
10 (7)-SRio,and 

(8) -S(O) m Rl0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NR8R9. 

(d) Ci-3alkyL 

15 

13. Acompound according to Claim 10 wherein 

Xis -N-, 

Rl, R2 and R3 are each independently is selected from the group 
consisting of 
20 (a) hydrogen, 

(b) linear and branched C 1 -galkyl, said C 1 -6alkyl 

being optionally mono or di- substituted the substituents 

being independently selected from 
(1) carboxy, 

25 (2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 

(c) hydroxy, 
30 (d) Cl-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

RS is selected from the group consisting of 
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(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R1 1 , wherein Rio and Ri 1 are each 

independently 
Ci_3alkyl, 

(5) -ORio, 

(6) -C(0)ORio, 

(7) -SR10, and 

(8) -S(0) m Rio, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I 

(c) -C(S)NHR9. 

(d) Ci-3alkyl. 



14. A compound according to Claim 13 

20 wherein 
Xis-N-, 

Rl and R2 are each selected from 

hydrogen, hydroxy or linear and branched Ci^alkyl, said 
Cl-4alkyl 

25 being optionally mono or di- substituted the substituents 

being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-3alkyl, 
30 (3) -C(0)OR6, and 

(4)-S(0)kR6,wherek is 1 or 2. 
R3 is methyl, 

R4 is selected from the group consisting of 
(a) hydrogen, 
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(b) Cl-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-4alkyl, said 
5 Cl-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1 , wherein Rio and Ri 1 are each 
10 independendy 

Cl-3alkyl, 

(5) -ORlO, 

(6) -C(O)ORi0, 

(7) -SR10, and 

15 (8) -S(O) m Rl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -CSNHR9. 

(d) Ci-3alkyl. 



20 15. Acompound according to Claim 10 wherein 

Xis S, 

Rl and R2 are each independendy is selected from the group consisting 

(a) hydrogen, 
25 (b) linear and branched Ci-6alkyl, said Cl-6alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 
30 hydrogen or C 1 -3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 

(c) hydroxy, 

(d) Ci-6alkoxy; 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-3alkyl; 

R5 is selected from the group consisting of 
5 (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C l -4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
10 (3) carboxy, 

(4) -NRioRl 1, wherein Rio and Rl l are each 

independently 
Cl-3alkyl, 

(5) -OR10, 

15 (6)-C(O)ORi0. 

(7) -SR10, and 

(8) -S(O) m Rl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NHR9. 
20 (d) Ci-3alkyl. 



16. A compound according to Claim 15 



wherein 
25 Xis S, 

Rl and R2 are each independently selected from 

hydrogen, hydroxy or linear and branched Cl-6alkyl, said 

Cl-6alkyl 

being optionally mono or di- substituted the substituents 
30 being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 

(3) -C(0)OR6, and 
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(4) -S(0)kR6, where k is 1 or 2, 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

5 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said 
C l -4alkyl optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) carboxy, 

(4) -NRloRl 1, wherein RlO and Rl ] are each 

independently 
Ci-3alkyl, 
15 (5) -OR10, 

(6) -C(O)ORl0, 

(7) -SR10, and 

(8) -S(O) m Rl0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
20 (c) -CSNHR9. 

(d) Ci-3alkyl. 

17. A compound according to Claim 6 of the formulae 



or 4 "5a 



25 wherein p is 0, 1 or 2; and 

R3 and the ring formed by the joining of Rl and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy, 
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(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Ci-6alkyl, 

(4) -OR6, 



18. A compound according to Claim 17 having cis 
stereochemistry at the ring junction, said compound having the formula 



wherein p is 1 or 2, and 

R3 and the ring formed by the joining of Ri and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 



(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Cl-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 
<6)-S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 
(9>S-C(=NR6)-NHR7. 

19. A compound according to Claim 18 wherein 



5 



(5) -C(0)OR6, 

(6) -S(0) k R6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 



10 



(R) 
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R3 is selected from 

hydrogen, hydroxy or linear and branched Ci-4alkyl, said 
Cl-4alkyl, 

optionally mono or di- substituted the substituents being 
5 independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-3alkyl, 

(3) -C(0)OR6, and 

10 (4) -S(0)kR6, where k is 1 or 2; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

R5 is selected from the group consisting of 
15 (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
20 (3) carboxy, 

(4) -NRloRl 1 , wherein RlO and R 1 1 are each 

independently 
Ci-3alkyl, 

(5) -ORlO, 

25 (6) -C(O)ORl0, 

(7) -SR 10, and 

(8) -S(O) m Rl0> where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NR8R9- 
30 (d) Cl-3alkyl. 

20. A compound of Claim 1 selected from 

(aa) l-Aza-2-imino-cyclopentane hydrochloride, 

(ab) 1 - Aza-2-imino-3 -methylcyclopentane hydrochloride, 
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(ac) l-Aza-2-imino-5-methylcyclopentane hydrochloride, 

(ad) 1 - Aza-2-methylamino- 1 -cyclopentene hydrochloride, 

(ae) l-Aza-2-ethylamino-l-cyclopentene hydrochloride, 

(af) l-Aza-2-benzylamino-l-cyclopentene hydrochloride, 

(ag) 1 -Aza-2-cyclohexylamino- 1 -cyclopentene 
hydrochloride, 

(ah) 1 - Aza-2-methoxycarbony lmethylamino- 1 -cyclopentene 

hydrochloride, 

(ai) l-Aza-2-((3,4-dihydroxyphenyl)ethyl)arnino-l- 

cyclopentene hydrochloride, 
(aj) 1 -Aza-2,2-dimethylamino- 1 -cyclopentene 

hydrochloride, 
(ak) 2-Irninopiperidine hydrochloride, 
(al) l-Aza-2-methylamino-l-cyclohexene hydrochloride, 
(am) l-Aza-2-ethylamino-l-cyclohexene hydrochloride, 
(an) l-Aza-2-dimethylamino-l-cyclohexene hydrochloride, 
(ao) 2-Imino-3-methylpiperidine hydrochloride, 
(ap) 2-Imino-4-methylpiperidine hydrochloride, 
(aq) 2-Iinino-4-propyIpiperidine hydrochloride, 
(ar) 2-Imino-4-benzylpiperidine hydrochloride, 
(as) 2-Imino-5-methylpiperidine hydrochloride, 
(at) 2-Immo-5,5-dimethylpiperidine hydrochloride, 
(au) 2-Irnmo-3,5-dimethylpiperidine hydrochloride, 
(av) l-Aza-2-iminocycloheptane hydrochloride, 
(aw) 1 - Aza-2-methy lamino- 1 -cycloheptene hydrochloride, 
(ax) 1 -Aza-2-ethylamino- 1 -cycloheptene hydrochloride, 
(ay) l-Aza-2-dimemylamino-l-cycloheptene hydrochloride, 
(az) l-Aza-2-benzylamino-l-cycIoheptene hydrochloride, 
(bb) l-Aza-2-cyclohexylamino- 1 -cycloheptene 

hydrochloride, 
(be) l-Aza-2-iminocyclooctane hydrochloride, 

(bd) l-Aza-2-methylamino- 1-cyclooctene hydrochloride, 

(be) 1 - Aza-2-ethylamino- 1 -cyclooctene hydrochloride, 

(bf) 1 - Aza-2-benzylamino- 1 -cyclooctene hydrochloride, 
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(bg) l-Aza-2-methylamino-l-cyclononene hydrochloride, 

(bh) 3,4-Dihydro-2-aminoquinoline hydrochloride, 

(bi) 3,4-Dihydro-2-methylaminoquinoline hydrochloride, 
(bj) 3,4-Dihydro-2^thylaminoquirioline hydrochloride, 

5 (bk) 3,4-Dihydro-2-benzylaminoquinoline hydrochloride, 

(bl) 3,4-Dihydro-2-cyclohexylaminoquinoline 

hydrochloride, 
(bm) 3,4-Dihydro-2-dimethylaminoq\iinoline 

hydrochloride, 

10 (bn) 4-Ethoxycart)onyl-2-imino-piperazine hydrochloride, 

(bo) 5-(S)-2-Imino-l-aza-bicyclo(3.3-0)octane, 
(bp) 2-Imino-l-aza-bicyclo(4.3.0)nonane, 
(bq) ci5^,6-Dimethyl-2-imino-piperidine, acetic acid salt, 
(br) 2-Imino-4-methyl-piperidine, acetic acid salt, 

15 (bs) 6-Ethyl-2-imino-4-methyl-piperidine, acetic acid salt, 

(bt) 4-Imino-5-ciy-methyl-3-azabicyclo [4.3,0] nonane, 
hydrochloride, 

(bu) cw-5-AminomethyM,6-dimethyl-2-imincHpiperidine, 
dihydrochloride, 
20 (bv) c«-3-Ethyl-2-iinino-4-methyl-piperidine, 

hydrochloride, 
(bw) cw-2-ImincK4-methyl-3-n-propyl-piperidine, 

hydrochloride, 
(bx) c/5 and rran5-2-Iniino-4-methyl-piperidine-5- 
25 carboxylic acid, acetic acid salt, 

(by) ci5 and /ran52-Imino^methyl-piperidine-5-carboxylic 

acid, methyl ester, acetic acid salt, 
(bz) cis and rran55-Acetanndome±yl-2-imino-4-methyl- 
piperidine, acetic acid salt, 
30 (cc) 2-Imino-5-n-propyloxy-piperidine, acetic acid salt, 

(cd) cis and rranj5-Acetamido-2-imino-4-methyl- 

piperidine, acetic acid salt, 

(ce) 5-Cyclohexyl-2-imino-piperidine, acetic acid salt, 
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(cf) cis and frans5-Cyclohexyl-2-imino-4-methyl- 

piperidine, acetic acid salt, 
(eg) 2-Imino-5-trifluoro-piperidine, 
(ch) 2.Imino-5-ethyl-4-methylpyrrolidine hydrochloride, 
5 (ci) 2-Imino-4-methylpyrrolidine hydrochloride, 

(cj) 2-Imino-^ethylpyrrolidine hydrochloride, 
(ck) 2-Imino^,5-dimethylp50Tolidine hydrochloride, 
(cl) 2-Imino-4-methyl-5-propylpyrrolidine hydrochloride, 
(cm) 2-Imino-5-methyl^propylpyrrolidine hydrochloride, 

10 (cn) 2-Imino-5-ethyl^propylpyrrolidine hydrochloride 

(co) 2-Imino-5-ethyl.3-methylpyrrolidine hydrochloride, 
(cp) 2-Imino-5 ,5-dimethylpyrrolidine hydrochloride, 
(cq) 2-ImincH3,5 f 5.trimethylpyrroIidine hydrochloride 
(cr) 2-Imino-4-ethyl-5-methylpyrrolidine hydrochloride, 

15 (cs) 2-Imino-4-propylpyrrolidine hydrochloride, 

(ct) 2-Imino-4-(2-methyl-ethyl)pyrrolidine hydrochloride, 
(cu) 2-Imino-4-phenylpyrrolidine hydrochloride, 
(cv) 2-Imino-3,4-dimethylpyiTolidine hydrochloride, 
(cw) 2-Imino-4-ethyl-3-methylpyrrolidine hydrochloride, 

20 (cx) 2-Inuno-5-methyl-4-propylpyrrolidine hydrochloride, 

(cy) 2-Imino-3-azabicyclo(4.3.0)nonane hydrochloride, 
(cz) 2-Imino-3-azabicyclo(3.3.0)octane hydrochloride, 

(dd) 2-Imino-3-methylpyrrolidine hydrochloride, 

(de) 2-Imino-5-methylpyrrolidine hydrochloride, 
25 (df) 2-Imino-5-(S)-acetyloxymethylpyrrolidine 

hydrochloride, 

(dg) 2-Imino-5-(R)-acetyloxymethylpyrrolidine 

hydrochloride, 

(dh) 2-Imino-5-(S)-hydroxymethylpyrrolidine \ 
30 hydrochloride, 

(di) 2*Imino-5-(R)-hydroxymethylpyrrolidine 

hydrochloride, 
(dj) 2-Imino^(S)-methoxy-5(S)-methyl.piperidine, 
hydrochloride, 
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(dk) 2-Imino-5(S)-hydroxy-4(S)-methyl-piperidine, 
hydrochloride, 

(dl) 4(S)3(R)-Dimethyl-2-imino-piperidine hydrochloride, 
(dm) 4(R),5(S)-Dimethyl-2-imino-piperidine hydrochloride, 
(dn) 4(S),5(S)-Dimethyl-2-imino-piperidine hydrochloride, 
(do) 4(R),5(R)-Dimethyl-2-imino-piperidine hydrochloride, 
(dp) cis-Decahydro-2-iminoquinoline hydrochloride, 
(dr) cw-2-Imino-4-methyl-decahydroquinoline 

hydrochloride, 
(ds) trans-Decahydro-2-iminoquinoline hydrochloride, 
(dt) 4(R)-Methyl-2-iminopiperidine hydrochloride, 
(du) 4(S)-Methyl-2-iminopiperidine hydrochloride, 
(dv) 5(R)-Methyl-2-iminopiperidine hydrochloride, 
(dw) 5(S)-Mediyl-2-iminopiperidine hydrochloride, 
(dx) 3-Iminothiomorpholine hydrochloride, 
(dy) 2-Iminopiperazine hydrochloride, 
(dz) 2-Imino-d^ahyciro-cw-quinoxaline, and 
(ee) 2-Imino-decahydro-trans-quinoxaline. 

21. A compound of Claim 1 selected from 

(aa) 2-Imino-4-methylpyrrolidine hydrochloride, 

(ab) 2-Inimo^emylpyrrolidine hydrochloride, 

(ac) 2-Iniino-4,5-dimethylpyn'olidine hydrochloride, 

(ad) 2-Inimo-4-memyl-5-propylpyrroUdine hydrochloride, 

(ae) 2-Imino-5-methyl-4-propylpyrrolidine hydrochloride, 

(af) 2-Iniino-5-ethyl-4-propylpyrrolidine hydrochloride, 

(ag) 2-Immo-5-ethyI-3-methylpyrrolidine hydrochloride, 

(ah) 2-Inimo-5,5-dimemylpyrrohdine hydrochloride, 

(ai) 2-Immo-3,5,5-trimemylpyrroUdine hydrochloride, 
(aj) 2-Inimo-4-emyl-5-memylpyiroUdine hydrochloride, 
(ak) 2-Imino-4-propylpyrrolidine hydrochloride, 

(al) 2-Imino-4-(2-methyl-ethyl)pyrrolidine hydrochloride, 
(am) 2-Imino-4-phenylpyrrolidine hydrochloride, 
(an) 2-Imino-3 ,4-dimethylpyrroUdine hydrochloride, 
(ao) 2-Imino-4-ethyl-3-methylpyrrolidine hydrochloride, 



WO 96/14844 



PCT/US95/14812 



- 270 - 

(ap) 2-Imino-5-methyl-4-propylpyrrolidine hydrochloride, 
(aq) 2-Imino-3-azabicyclo(4.3.0)nonane hydrochloride, 
(ar) 2-Imino-3-azabicyclo(3.3.0)octane hydrochloride, 
(as) 2-Imino-3-methylpyrrolidine hydrochloride, 
(at) 2-Imino-5-methylpyrrolidine hydrochloride, 
(au) 2-Imino-5-(S>acetyloxymethylpyrrolidine 
hydrochloride, 

(av) 2-Imino-5-(R)-acetyloxymethylpyrrolidine 
hydrochloride, 

(aw) 2-Imino-5-(S)-hydroxymethylpyrrolidine 
hydrochloride, 

(ax) 2-Iminc-5-(R)-hydroxymethylpyrrolidine 
hydrochloride, 

(ay) 5-Ethyl-2-imino-4-methyl-piperidine, acetic acid salt, 

(az) 2-Imino-4-methyl-5-(l.pentyl)-.piperidine, acetic acid 
salt, 

(bb) 4(R)-Methyl-2-iminopiperidine hydrochloride, 
(be) 4(S)-Methyl-2-iminopiperidine hydrochloride, 

(bd) 5(R)-Methyl-2-iminopiperidine hydrochloride, 

(be) 5(S)-Methyl-2-iminopiperidine hydrochloride, 

(bf) 4(S)^(R)-Dimethyl-2-imino-piperidine hydrochloride 

(bg) 4(R),5(S>Dimethyl-2-imino-piperidine hydrochloride 

(bh) 4(S),5(S>Dimethyl-2-imino-piperidine hydrochloride 

(bi) 4(R),5(R)-Dimethyl-2-imino-piperidine hydrochloride 

(bj) 2-Imino-5(S>methoxy-4(S>methyl-piperidine 
hydrochloride, 

(bk) 2-Imino-5(S)-hydroxy-4(S)-methyl-piperidine 
hydrochloride, 

(bl) 2-Imino-5(S>methoxy-4(R)-methyl.piperidine 
hydrochloride, 

(bm) 2-Iminc-5(S>hydroxy-4(R)-methyI-pipeiidine 
hydrochloride, 

(bn) 2-Imino-5(S)-acetyloxy^(R)-inethyl.piperidine 
hydrochloride, 
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(bo) 2-Imino-3(S),4(R)-0-isopropylidene-5(R)-acetyloxy- 
piperidine hydrochloride, 

(bp) 2-Imino-3(S),4(R),5(R)-triacetyloxy-piperidine 
hydrochloride, 

(bq) ci5-Decahydro-2-iminoquinoline hydrochloride, 
(br) frans-Decahydro-2-iminoquinoline hydrochloride, 
(bs) 4(S)-Methyl-4a(S),7a(S)-perhydro-2-imino-l-pyrindm 

hydrochloride, 

(bt) 4(R)-Methyl-4a(R),7a(R)-peihydro-2-imino-l- 
pyrindine hydrochloride, 

(bu) 4(S)-Methyl-4a(S),8a(S)-decahydro-2-iminoquinoline 
hydrochloride, 

(bv) 4(R)-Methyl-4a(R),8a(R)-decahydro-2-iminoquinoline 
hydrochloride, 

(bw) 2-Imino-octahydro^uinolin-6(5H)-one-6-ethylene 
ketal hydrochloride, 

(bx) 2-Imino-octahydro-quinolin-6(5H)-one hydrochloride, 
(by) 2-Imino-6-acetyloxy-cw-decahydroquinoline 
hydrochloride, 

(bz) 2-Imino-6-hydroxy-cw-decahydroquinoline 
hydrochloride, 

(cc) 2-Imino-5-methoxy-cis-peihydro-pyrindene 
hydrochloride, 

(cd) 2-imino-5-hydroxy-cis-perhydro-pyrindene 
hydrochloride, 

(ce) 2-Imino-5-hydroxy-4a-methyl-trans-(4a,8a)- 
decahydroquinoline hydrochloride, 

(cf) 2-Imino-5-fluoro-5-methyl-cis-(4a,8a)- 
decahydroquinoline hydrochloride, 

(eg) 5-Acetoxy-2-imino-cis-(4a,8a)-decahydroquinoline 

hydrochloride, 

(ch) 5-Hyckoxy-2-imino-cis-(4a,8a)-decahydroquinoline 
hydrochloride, 

(ci) 2-Imino-octahydroquinolin-7(8H)-one-7-ethylene ketal 
hydrochloride, 

(cj) 2-Imino-octahydro-quinolin-7(8H)-one hydrochloride, 
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(ck) 7-Acetyloxy-2-imino-trans-(4a,8a)-decahydn>quinoline 
hydrochloride, 

(cl) 7-Hydroxy-2-imino-trans-(4a,8a)-decahydroquinoline, 
acetic acid salt, 

(cm) 7-Acetyloxy-2-imino-decahydroquinoline, acetic acid 
salt, 

(cn) 2-Imino-3-Methyl-octahydro-cis-pyrano/<5-Z? ]- 
pyridine hydrochloride, 

(co) 2-Imino^methyl-octahydro-pyrano/4,3-fc/pyridine 
hydrochloride, 

(cp) 2-Immo-4-MemyI-l,3,4,5,7,8-hexahydro-pyranoM3- 
£/pyridine, acetic acid salt, 

(cq) 2-Imino-l-methyl-piperidine hydrochloride, 

(cr) N-(l-Ben2yl-2-piperidinylidene)-N'-(phenyl)-urea, 

(cs) N-(2-Piperidinylidene)-N , -(phenyl)-urea 

(ct)N-[l-(4-Methoxybenzyl)-2-piperidinylidene]-N'- 
(phenyl)-urea, 

(cu) 2-Immo-l-(ben2ylaminocarbonyl)-piperidine, 
(cv) Cw-Octahydro-3-imino-2H- 1 ,4-benzoxazine 
hydrochloride, 

(cw) 2-Iminopiperazine hydrochloride, 

(cx) 4-Methyl-2-iminopiperazine hydrochloride, 

(cy) 2-Iinmo-decahydro-cw-quinoxaline dihydrochloride, 

(cz) 2-Immc-<lecahydn>-rraR5-quinoxaline dihydrochloride, 

(da) 4-6-Dimethyl-2-imino-piperazine hydrochloride, 

(db) 2-Imino-4-methyl-6-(2-methylpropyl)-5-oxo- 
piperazine hydrochloride. 

(dc) 4-Benzyloxycarbonyl-2-imino-(l,2,3,4)tetrahydro- 
quinoxaline hydrochloride, 

(dd) 4-Acetyl-2-immo-(l,2,3,4)teti^ydro-quinoxaline 
hydrochloride, 

(de) 2-Imino-4-methyl-decahydro-fra«5-quinoxaline, acetic 
acid salt, 

(df) 3-IminothiomorphoIine hydrochloride, 
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(dg) 3-Imino-5-propyl-tniomorpholine, 

(dh) 3-Imino-5-methyl-thiomorpholine, 

(di) 3-Imino-5-ethyl-tniomorpholine, 
(dj) 3-Imino-5-butyl-thiomorpholine, 

5 (dk) 3-Imino-5(S)-(2-methylpropyl)-thiomorpholine, 

(dl) 3-Imino-5(R)-(2-methyl propyl)-thiomorpholine, 
(dm) l-(^rf-Butoxycarbonyl)-hexahydro-3-imino-(l/0-1.4- 
diazepine hydrochloride, 
(dn) Hexahydro-2-imino-(1^0-l,4-diazepine 
10 dihydrochloride, 

(do) Hexahydro-2-imino-5-methyl-(l//)- 1 ,4-diazepine 
dihydrochloride. 

(dp) Hexahydro-2-imino-4-methyl-( IH)- 1 ,4-diazepine 
hydrochloride, 

15 (dq) 3- Amino-hexahydro-2-imino-( 1 #)-azepine 

dihydrochloride, 

(dr) (5>3-Ainmo-2-iminopiperidine dihydrochloride, 
(ds) Hexahydro-3-imino-l,4-oxazepine hydrochloride, 
(dt) Hexahydro-3-imino- 1 ,4-thiazepine hydrochloride, 
10 (du) HexahydrcK3-imino-5-propyl-(l//)-l ,4-diazepine 

dihydrochloride, 

(dv) Hexahydio-3-immo-5-methyl-(l#)-l ,4-diazepine 
dihydrochloride, 

(dw) 2-Imino-decahy dro-cis- 1 ,4-benzo(e)diazepine 
5 dihydrochloride, 

(dx) 2-Imino-decahydro-3H-benz(e)azepine 
hydrochloride, 

(dy) Trans-Octahydro-3-imino-2H- 1 ,4-benzthiazine, acetic 
acid salt, 

3 (dz) 2-Imino-5(6H)-oxa-cw-hexahydro-(lH>quinoline 

hydrochloride, and 

(ea) 2-Immo-4-memyl-5(6H>oxa-cw-hexahydro-(lH)- 
quinoline hydrochloride. 
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(eb) (2-Imino-decahydio-cis-3H-benz(e)azepin 
hydrochloride, 

(ec) Trans-Octahydro-3-imino-2H-l,4-benzthiazine, acetic 
acid salt, 

5 (ed) Cis-Octahydro-3-imino-2H-l,4-benzthiazine, acetic 

acid salt, 

(ee) 2-Imino-5(6H)-oxa-cw-hexahydro-(lH)-quinoline 
hydrochloride, 

1 0 quinoline hydrochloride, and 

(eg) 2-Iniino-decahydio-trans-l,4-ben2o(e)diazepine 
dihydrochloride. 



15 



20 



22. A pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a pharmaceutical carrier and 
a non-toxic effective amount of the compound accrding to claim 1 . 

23 - A Pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a pharmaceutical carrier and 
a non-toxic effective amount of the compound accrding to claim 17 



24. A method for inhibiting the activity of nitric oxide 
synthases comprising administering to a subject suffering from a nitric 
oxide synthase mediated disease, a non-toxic therapeutically effective 
o amount of the compound of Claim 1 . 
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